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NOTICE

When the Palseontologia Indica was begun, no rule seems to have been fixed as to

what should constitute a ' Series.' A change of authors or a very partial change of

subject was considered suflBoient for a change of series, and so the numbers rose

to XIV. After 1880 the whole were arranged into the seven natural groups, as

now indicated on the covers of the Survey publications ; but to avoid confusion no

renumbering was introduced, each will be continued under the highest series-num-

ber attained within that group. Thus, in the present volume, Dr. Stoliczka's short

paper forming series VII had to be linked with the greatly more extended work of

Dr. Martin Duncan and Mr. Percy Sladen begun as series XIV. The tertiary fossils

will form by far the most extensive series of the Indian region, and it will be a

question for future consideration whether all should not be brought within this series,

under a slightly expanded title ; but as the tertiary rocks of Western and of Eastern

India are widely separated it may be thought better to keep the description of the

latter permanently distinct.

H. B. MEDLICOTT,

Calcutta, Director of the Geological Survey of India.

November 1886.
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minor, sp. nov., 74.

pileus, sp. nov., 73.

Peripneustes, 234.

sp., 234.

Phyllacanthus, 26.

ranikoti, sp. nov., 27.
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Observations on fossil crabs from tertiary deposits in Sind and Kutch,

by Fbrd. Stoliczka, Ph. D., JPalceontologist, Geological Survey of India.

[With Plates I—V].
The fossil Crustacea, about to be noticed in the present communication, all

belong to the Decapod group, with a short, ventrally inflected tail, known i*nder

the name of Brachyura. Al. Milne-Edwards, in one of his recent publications,*

specially devoted to the study of fossil Grustacea, separates the Brachyura into

B. macrocephala, which have the facial region well developed, and B. microce-

phala, which have it less developed.

The former he sub-divides into Macroceph. eustomata, with a broad frontal

region, and Macr. oligorhyncha, in which the same part becomes considerably

narrowed. The Eustomata he .again classes in Gyclometopa, Catometopa, and

Oxyrhyncha. The first tribe, the forms of which are characterized by a large cara-

pace with the anterior part regularly curved, the posterior contracted, and in the

males of which the tail occupies the whole width of the sternum, inckides two

large families, the portunidm and cancmridm, the former having the last pair

of feet natatory, and broadly flattened, while in the latter the same are ambulatory,

and quite similar in form to the three preceding pairs of feet. The greater number

of the tertiary fossil Brachyura belongs to these two families, each of which is

again sub-divided into sub-families and a great number of genera, carefully reviewed

by Al. Milne-Edwards in the above quoted work. As compared with each other,

the CANCERID^ are in recent and fossil state more numerous than the jportunid^.

I will note three species of the former, belonging to the genera Falceocarpilius and

Galenopsis, and two species of the latter, referable to the genus Neptumis.

The second principal division of the Brachyura,—^the Microcephala,—only

includes the family lbucosidm, and in this I will have to record a very peculiar

small crab, for which I propose the new generic name Typilobus.

* Histoire des Crustac^s Podophthalmaires fossiles, Vol. I, Paris, 1861-65, (Ann. de Sc. Nat., ivme Serie).



2 STOLICZKA :—TERTIARY

Until very recently, there was only one species of tertiary Brachyura known

from North-Western India. It was described by Messrs. Haime and d'Archiac

from the nummulitic beds of Sind under the names of Arges Mm-chisom and

Udwardsii, and was referred by Al. Milne-Edwards, under the former specific

name, to his newly proposed genus Galenopsis. The same author also states that

certain specimens from the Hala range of Sind are identical with Palceocm-pilius

macrocheilns, Desm., a well-known species occurring in eocene deposits through

a large part of Southern Europe and also in Egypt. Although it seems unlikely

that M. -Edwards should have been mistaken in his identification, I am unable to

refer any of our very numerous specimens from those regions to P. macrocheilus,

but I will describe a similar species under the name of Palceoc. rugifer.

The materials which form the subject of the present memoir had been partially

deposited for some time in the Museum of the Geological Survey of India : they

are those to be noticed from Sind ; partially they were more recently collected in

Kutch by Mr. A. B. Wynne, who had charge of the geological survey of this

province. The stratigraphic position of the beds from which the fossils have been

derived will be found discussed by Mr. Wynne in his report on the geology of

Kutch, published in the Memoirs of the Geological Survey of India.

Besides the six species, which I shall describe in greater detail, I would only

draw attention to some interesting fragments of two other Brachyura. They are

not sufiB.ciently perfect to give distinctly recognizable characteristics of the species,

but they may serve as a guide in further search after these interesting fossils.

I have therefore given a few illustrations of these fragments.

Eigs. 1 and 2, on Plate II, represent the outer and inner views of two right

hands, evidently belonging to a Canceroid, and probably to an Atergatis, or a

Galena. Only these two specimens are in the collection ; they are from a yellowish

brown argillaceous rock between Soojapoor and Badra, south of Mhurr in Kutch ;

the beds belong to Mr. Wynne's Argillaceous group of the nummulitic series.

Eigs. 3—10, on Plate I, represent right and left hands apparently of one

of the GEAPSiD^, an Uca or Oardisoma, or some other allied genus. The two

hands are equal* or sub-equal ; the left appears to be less inflated ; the palms are

nearly quadrangular, with a sharp serrated edge above and below, granular on the

surface, the granules being most numerous on the median part of the outer side

and on the lower half of the inner side ; they are conspicuously larger at the base

of the fingers than in other places. The fingers are of a rather slender shape,

and nearly equal the palms in length ; they are moderately arched on the outer

serrated edge ; each finger has two longitudinal rows of distant spines, which in

the fossils, are usually indicated only by small pits. The immovable fingers have
the internal edge closely and sub-equally tuberculated, the tubercles being flattened

about the middle, and more or less confluent. The movable fingers have the

inner edge sharper, on the basal half provided with a few large tubercles, and
further on very finely serrated. Eragments of the chelae of this species are more
common than those of the Canceroid, just noticed ; they were also collected by



CRUSTACEA PEOM KUTCH AND SIND. 3

Mr. Wynne in the same argillaceous beds of the nummulitic series between Sooja-

poor and Badra, and also to the north of the former locality, in Kutch.

Family,—FOBTUNID^.

G'emfs,—NEPTUNUS, Haan.

The species of Neptunms are easily distinguished from the allied genera, Soylla,

Lupa, and Acheldus,' by having the last, or costal spine, considerably longer than

the remaining eight spines of the antero-lateral margin.

The recent species are tolerably numerous in the Eastern and American seas

;

one also occurs in the Mediterranean. Of fossil forms Al. Milne-Edwards
only lately described six tertiary species, one from Erance, one from Sardinia,

and four from Northern Italy (Vicentin), fVide Hist, des crust. Podophthal. foss.,

vol. i, 1861-66, p. 106, et seq.). To these I have to add two new species from the

tertiary beds of Sind, N. Wyrmecmus and Sindensis. They exhibit some pecu-

liarities which deserve special mention, because they throw some light upon the

value of certain characters in the poetunidm.

Haan (in Eauna Japonica) distinguished three equivalent sub-genera, Neptunus,

Amphitrite, and Pontus. They are all characterized by the large size of the costal

spine. The sub-divisions are made according to the form of the third endopodite

joint of the outer maxillary feet. In Neptunus this joint is longer than broad,

with the lower inner angle conspicuously produced, and with the upper hinder

edge rounded. In Amphitrite the upper hinder edge of the third endopodite is con-

siderably produced and also rounded. In Pontus the same joint is said to be square.

The last sub-genus is based upon a new species not further characterized. Amphitrite

was accepted by Dana, but united with Neptunus by Milne-Edwards. The charac-

ter relating to the form of the third joint seems to be subordinate, but it is remark-

able to find the Ampitrife-£orm already represented in fossil species, as may be seen

from the examination of N Wynneanus. This shows that the character in question

possesses a certain constancy, and that some classiflcatory value may be attached to

it. It would probably be convenient to retain Amphitrite as a sub-genus of

Neptunus, though under a different denomination, Amphitrite having been already

used by Miiller in 1771 as a generic name. In the other species which I shall

notice, Nept. Sindensis, the third endopodite of the outer maxillipeds is not pre-

served, but both species agree in one or two other points.

In the typical Neptunus (type, N. pelagicusj the antennulary ridge is ante-

riorly produced into a sharp spine which projects beyond the front margin. In

the two Indian fossil species the spine is indicated, but does not even reach the

margin. I also do not see it indicated in the figures of the species, referred by de

Haan to Amphitrite, and as I have no recent examples of this to compare, I

cannot say what importance is to be attached to the development of this spine, but

it appears that, if Milne-Edwards is correct in identifying the three forms under

one genus, as he has done, the long inter-antennulary spine cannot be regarded as

an essential character of Neptunus.
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A third point whicli deserves mention in the two Indian fossil species is the

comparative shortness and great thickness (or height) of the hand ; the species agree

in this respect, as well as in the distribution of the tubercles on the fingers, much

better with Soi/lla than with any of the recent species of Nepturms, in which

the hand of the Ghelm is always very much elongated and comparatively thin.

Nepttjnus "Wtnneanus, Stol., PI. I, Pigs. 1—2.

The carapace of the female is transversally oblong, the width being in pro-

portion to its length as 32 : 17, nearly smooth above, finely granular at the lateral

margins; the median portion is slightly and somewhat irregularly tumid, the

dififerent divisions being marked by shallow depressions ; towards the lateral and

front margins the carapace is flattened or slightly concave. The frontal lobes

are small, little elevated, separated from each other by a groove which originates

between the two median frontal spines and continues between the rounded epi-

gastric lobes to the faint epigastric line, which is somewhat flexuous in the

middle; the proto- and meso-gastric are nearly confluent, but distinctly higher

than the adjoining hepatic region. The metagastric lobe, including the basal

urogastric portion, which occupies the centre of the back, is margined below, and

laterally by a distinct horse-shoe shaped groove ; from this a short groove on

either side bounds the upper portion of the cardiac region, the epicardiac being

in the middle slightly depressed, forming two rounded lobes, while the meta-

cardiac consists of three parts, the median of which is broadest, most elevated,

and slopes gradually to the posterior margin. The epibranchial is not distinct

from the adjoining hepatic region, but the meso- and meta- branchial are about
equally tumid and nearly confluent; there is also a small rounded lobe distinct

on each side of the upper edge of the epicardiac region, between the urogastric,

the meso- and meta- branchial ; it may be regarded as an internal portion of the
last lobe.

The front margin is almost straight, with six sub-equal depressed spines, those
at the inner edge of the orbits being a little broader and shorter than the others,

but less projecting. The orbits are large, elongately oval, with finely serrated
margins

; each is somewhat longer than half the length of the front ; the upper
margin has two incisions, a longer median one, and a shorter near the external
spine

;
the lower margin has only one near the external spine ; the lower internal

angle of the orbit is produced into a broadly accuminate tooth.

The antero-lateral margin is, as usually, marked with nine spines ; the eight
anterior ones are alternately larger and smaller, all directed forward and slightly
upwards

;
the ninth, or costal spine, is more than double the size of any of the

others, and almost straight; its anterior edge is very minutely serrated, and there
are also a few interspersed granules at the edges between the other spines. The
epibranchial, finely granular, Hne runs from the tip of the costal spine in a
flexuous curve towards the median upper edge of the mesobranchial lobe, where
it becomes indistinct. The infero-lateral margin is also marked above by a raised
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granular edge, extending from the costal spine two-thirds the length, where the

lateral, flexuously bent, border of the equalljr finely serrated rim of the posterior

margin comes in. The side of the carapace below the serrated line of the postero-

lateral margin is densely covered with fine, slightly unequal, granules. The sub-

hepatic region which extends on the ventral side of the carapace from the inner

angle of the eye to the costal spine is throughout very distinctly granular, (includ-

ing the lower side of the antero-lateral spines), and is separated from the antero-

pleural region by a raised granular line ; the pleural region itself is only near

this line granular; on the inner area it is nearly smooth, and so is also its

internal slightly thickened margin, the upper edge of which is curved, rather

elevated, and extending to the base of the antennge.

The basal joint of the external antennae occupies the inner angle of the orbit

;

it is very short, oblique, somewhat rugose on the surface and thicker at the end,

with a short prolongation on the lower external side, coalescing with the inner

lower spine of the orbit and reaching to within a short distance from its tip.

The so-called auditory tubercle at the outer base of the antennse is very small, oval.

The pit for the inner antennae, or antennulae, is oval, with the lower margin

insinuated, entire ; its length equals about half that of the orbit ; a shallow groove

runs from it above the base of the external antennae. The greater part of the

internal cavity of the pit is occupied by the subtrihedral auditory sack, (see fig. 2a,

pi. i,) which is attached to the external side of the small basal joint of the

antennulse. The inter-antennulary ridge which separates the pits is short, its

lower portion is concave below and anteriorly it is produced into a short point.

It is not very well preserved in any of the specimens which I have examined,

but it certainly does not appear to have projected beyond the frontal margin, a

character which Milne-Edwards considers essentially distinctive for all species

of Neptmms. The epistome is sulcated for the whole of its width ; it is longest

in the middle, the posterior raised edge being angularly bent and entirely minutely

serrated. The endostome is placed a little higher than the epistome ; it is nar-

rowest in the middle, divided by a sharp crest ; the lateral endostomic ridges are

oblique, at the posterior edge considerably thickened and raised.

Of the maxillary feet only the outer pair is partially preserved. The basilary

joint, or epipodite, is very thin; the first joint of the endopodite is triangular, with

an obtuse angle below and a short cross groove near it, extending from the inner

margin to half the width. The second joint of the endopodite is the largest ; its

proportions of length to breadth are as 5 : 2 ; the base is narrowest, nearly straight

with the usual tooth on the outer side ; the inner margin is convex, the outer

concave, and the upper still more so ; at a distance of two-fifths of the breadth

from the inner margin runs a longitudinal groove, but it does not reach the

base. The third joint is sub-quadrangular, about two-thirds the length of the

second joint ; its lower and outer margins are flexuous, the inner slightly oblique,

and the upper much so, the upper posterior angle being considerably produced

and rounded, a character upon which Haan based his sub-genus Amphitrife,

2
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as already noticed. The fourtli joint is articulated a little below the upper

anterior angle ; it is short and thick. The two last joints have not been observed.

Of the exopoditCj or external branch, only the second joint is preserved ; its

width equals one-third the width of the corresponding endopodite, and its length

nearly that of the second and third joints together, which character again agrees

better with Haan's Amphitrite than with Neptunus (as restricted).

The chelse are equal in size in the female. The total length of each exceeds

the width of the carapace by a little more than one-sixth. The distribution of

the spines and tubercles on the different joints is the same, as in nearly all other

fortvnidm; they can easily be traced from figs. 1, and la, and 15, on pi. i. The

surface is, as usually, granular near the rounded edges of the joints and between

the spines, at the sides it is smooth. The hands are mostly smooth, above

with two ridges, externally and internally near the middle somewhat roundly

tumescent, the inner sub-marginal sharp tubercle between the digits being distinct,

the outer just traceable; the lower side is rounded. The length of the hand
itself slightly exceeds that of one finger, and its height is a little more than

one-third of the total length, which form more agrees with Scylla than with

Neptwnms, as already noticed. The sub-median longitudinal, punctated, groove on

the inner and outer sides of the immovable finger is only slightly indicated;

the interlocking tubercles on both the movable and immovable digits, and
especially those at the base of the movable, also exactly correspond to those

of Scylla serrata, both in number and relative size.

Of the three pairs of ambulatory feet only portions are preserved, and these

show clearly the compressed form of the different joints ; the anterior side is

always a little flatter than the posterior, and the upper edges of all the joints

beginning at the terminal portion of the femur is crested. The form of the last,

or natatory, pair of feet has not been observed.

The sternal plastrum with its different divisions offers no occasion for remark

;

its form is clearly exhibited in figs. 16 and 25 of pi. ii. Its length is only slightly

larger than its width, and neither of the two measurements equals half the

breadth of the carapace. The tail of the female consists, as usually, of seven

joints; the four first are very short, transversally subangular; the fifth is nearly, and
the sixth fully, three times as long as any of the preceding joints. The first and
fourth joints are equal in breadth, the second is a little wider, and the third the
widest; the sixth joint is bottle-shaped, truncate above and below; the seventh is

triangular and smallest.

Of the male only an incomplete carapace (figs. 2, 2a, and 26), has been
examined. It differs, so far as preserved, in no other respect from that of the
female, except that the tail is much narrower, more regularly trigonal, with very
slightly concave sides, and that the third, fourth, and fifth joints are united, the
anterior part, corresponding to the third joint, being the widest.

Geological position.—Three specimens have been procured by Mr. A. B.
Wynne in a soft, yellow, argillaceous bed, together with great numbers of
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Orbitoides and other Foraminifera of the nummulitic series, in a stream under

Kootra hill, near Pipiir, Kutch.

Nepttjnus Sindensis, Stol., PI. II, Pigs. 3—5, and PI. Ill, Pig. 1.

The carapace of this species is slightly more than one-third broader than long,

the breadth being in proportion to the length as 16 : 10, considerably less than in

the last-named species. The different regions of the upper side of the carapace are

equally well marked in both, and it is not necessary to repeat them ; the horse-shoe

shaped groove, defining the meta- and uro-gastric lobes below and laterally, is deeper

than in N. Wynneanus. The upper and lower sides of the carapace are rather

coarsely granular towards the margins. The front edge has six spines, the four in-

terior are sub-equal, those at the inner angle of the orbit less projecting and more

obtuse. The width of each orbit is more than half of the front edge, the upper

margins have each a sub-median and a posterior incision, the lower only a posterior-

The nine antero-lateral spines are alternately larger and smaller, all are slightly bent

upward and forward ; the costal spine is the largest ; it barely, however, exceeds the

outer spine of the orbit by one-half of its size, while in the last-described species it

is doubly strong.

The facial portion is remarkably thin, the inter-antennulary ridge thick, pro-

bably with an obtuse point, but certainly not projecting beyond the front margin.

The antennular pits are comparatively small and depressed ; the basilar joint of

the antennse conspicuously thickened, short, with a distinct groove between it and

the front margin, and with the external appendage greatly prolonged, somewhat

spoon-shaped, and projecting almost as far as the lower spine at the inner angle of

the orbit.

Of the maxillipeds, only the first and second joints of the external pair are

preserved ; they do not differ in any particular from those of the last species,

neither does there appear to be any essential difference between the chelse and the

ambulatory feet, as far as seen preserved. The hand itself is considerably longer

than the fingers, and as the inner tubercles are again exactly similarly disposed as

in Scylla, this character combined with the increased length of the carapace exhibits

a still greater relation to that genus, than is the case ia the former species.

All the specimens examined are males, with a regularly pyramidal tapering

tail ; the third, fourth and fifth joints are united, but their sutures are indicated by

slight depressions ; the third joint is the widest. The sternum is a little narrower

as compared with that of the last species ; its length is very nearly one-half the

width of the carapace, but its greatest breadth is only a little more than two-fifths

of the same width.

Locality.—In a yellowish, nummulitic limestone, from the Lukkee Hills in

Sind. Pour specimens and a number of fragments of chelse and ambulatory feet

have been for some time past deposited in the Geological Sm^vey collection. They

were presented by Col. (now Genl. Sir) "W. E. Baker.
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Family,—CANCEBID^.

(ye*iM5,—PAL^OOARPILIUS, Milne-Ed.

Hist. Crust. Podophthalmaires foss. par Al. M.-Ed wards, 1865, vol. I, p. 183.

Al. Milne-Edwards proposed the above generic name for a certain number of

tertiary and other canc:eridjb, formerly referred to Cancer, and then to Atergatis.

He very properly pointed out the greater generic relation of those species to Car-

pilius than to Atergatis, considering Desmarest's Cancer macrocheilus as the type

of the new genus JPalceocarpilius.

In summing up the principal characteristics of the genus, as distinguished

from its ally Carpilius, M.-Edwards says,

—

"nous pouvons placer en premiere ligne

la presence des tubercules sur le hord supirieur de la m^in et swr la face externe

de Vavant bras, la longueur extreme de Varticle hasilaire des antennes externes" 8fc.

Now, the really important character appears to me to consist only in the great

length of the basilary joint of the antennae ; the presence or absence of tubercles

on the hand cannot be included in the generic characters. The median extension

of the front edge seems, however, to be a very characteristic point in the shape of

the carapace of Falceocarpilius.

In the description of the genus, Milne-Edwards also says that the ambulatory

feet are cylindrical, as in Carpilius, and that in the male the tail consists of six

joints, the fourth and fifth being united. I do not think that these characters

could strictly be applied to the species of Falceocarpilius in general. First, the

ambulatory feet are never, strictly speaking, cylindrical, not even in Carpilius;

they are always a little compressed, but with the upper and lower edges rounded,

not crested as in Atergatis. In specimens of the Indian Fal. rugifer, the third,

fourth and fifth joints are united in the tail of the male, and this appears rather

the rule than the exception. In Milne-Edwards' figure la, pi. iii (1. cit.) of

F. macrocheilus, those three joints also appear to be united ; and Reuss indicates

their form merely by a punctated line, not by a distinct suture as between the other

joints. (Compare Denksch Akad., "Wien, vol. XVII, pt. I, pi. xii, fig. 2).

Pal^ocakpilitts bugifeb, Btol., PI. IV, Pigs. 1— 6, and Pi. V, Eigs. 1—5.

Carapace transversally ovate, the breadth exceeding the length very nearly

by one-third, or being in proportion to each other as 100 : 68 or 69 ; very convex,

the front being in young specimens almost perpendicularly deflected; in older

specimens, the deflection is sometimes a little less pi-ecipitous. The fresh surface is

covered with larger and smaller round, shallow, pits, and about the branchial regions,

with very conspicuous, more or less confluent, transverse rugosities. In old speci-

mens, these rugosities sometimes also extend over the greater part of the median

gastric region. On the posterior slope and at the postero-lateral margin, as well as

at the lower side, the surface is smooth ; but when the outer somewhat glazy laver

is removed, the entire surface becomes equally and densely granular, and by further
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decomposition the granules are replaced by equally smaU pits. The lobes of
the carapace are indistinct, only the semi-lunar depressions at the sides of the
urogastric region are traceable.

The front edge has a thickened margin, with two median projecting tubercles
and two others at the inner angle of the orbit; the distance between these inner
tubercles very nearly or fuUy equals the length of one antero-lateral margin.
The orbits are nearly circular, deeply indented above, and with a swoUen margin

;

below somewhat flattened, and with a sub-median projecting tubercle. Each antero-
lateral margin has eight tubercles, of which the last one slightly exceeds the
others in size and is also more pointed ; the costal ridges are distract, and each
nearly one-third of the breadth of the carapace.

The basilar joint of the antennae is very long, at its base scarcely higher

than at any other part of its length ; it terminates with a truncate edge in

the orbit.

The basilar joint of the antennulse is, as usually, semilunar, with a flexuous

upper edge ; auditory tubercles somewhat smaller than the superseding portion of

the basilar joint of the antennse ; epistome almost linear, conspicuously depressed

in the middle, especially below the inter-antennulary prolongation ; endostome with

a sharp, almost continuous, lower edge, the lateral endostomic ridges rather close

together and somewhat curving outwards. Suture between the sub-hepatic and

pleural region simple throughout.

The second endopodite joint of the outer maxUlipeds is not much longer than

broad, about the middle slightly depressed, but without any distinct groove ; the

third endopodite is somewhat broader than the last, a little less high externally,

and with an obtuse angle on the inner edge ; the fifth endopodite is a little longer

than the fourth, both are narrow. The second exopodite is about as long as the

second and third endopodite together, becoming somewhat narrowed towards above.

It would appear as if the comparative width of the outer maxillipeds was a little

smaller in the male than it is in the female.

The chelEe are very strong, each equalling in length the greatest width of the

carapace. The fore-arm has externaUy three spines : two near the base, one above

the other, and one anteriorly. The right hand is scarcely longer, but consider-

ably higher and comparatively more compressed than the left, on which, however,

the fingers are thinner and longer : they are internaUy obtusely ridged, while the

fingers on the right hand are internally broadly flattened : there is sometimes at

the base of the lower finger an obtuse tubercle indicated. The upper edge of

the right hand is crowned with from five to seven large obtuse tubercles, that

of the left hand with four to five ; the upper outer sm-face of each hand is very

strongly rugose; each movable finger has near the upper base a strong tubercle,

which in ve;y old specimens becomes sometimes unequaUy bipartite The fingers

1 both hands are very distinctly black coloured, which is of usua occurrence in

the whole of this group of aA.c..ii>^. The ambulatory feet equal in length the

^eJ; hey are very distinctly laterally compressed, obtusely rounded above and
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below ; the last joints are comparatively very long, eacli considerably exceeding in

length its relatively previous joint. The last joint has a strong, punctated, groove

near the base on either side and six other longitudinal grooves originating a

short distance from the base and continuing to the tip.

The sternum is long and comparatively narrow, its greatest width being

somewhat less than one-third the width of the carapace ; there is no appreciable

difference in its form in the two sexes, but the tails are, as usually, very different

in shape. In the female all the seven joints are separated; the first is short-

est, each of the four succeeding a little broader, the sixth nearly double the

length of the previous, the seventh again a little longer and of a more or less

broadly semi-elliptical or semi-oval shape. The width of all the previous joints

differs very slightly; all are about the middle slightly convex anteriorly and"

concave posteriorly. In the male, the third, fourth and fifth joints are united,

the suture being indicated by a few minute dots ; the third joint is widest, and the

two others with conspicuously concave lateral margins.

In every other respect male and female specimens do not appear to differ from

each other.

Locality.— Stream under Kootra Hillj near Pipiir, in soft^ yellowish, argil-

laceous beds, containing a very large number of Orhitulites and other Forcmtinifera ;

also in similar beds north of Kannai ; rolled up, west of Bair, in a kind of glauconitic

sandstone ; one mile east of Goer, in Kutch ; and in a light-brown nummulitic

limestone in the Lukkee Hills, in Sind.

I am not certain whether the present species is the same to which Milne-
Edwards (Hist. Crust. Podoph., vol. I, p. 186,) refers as being identical with Palceoc.

macrocheilus, Desm., a species of very wide geographical distribution, occurring in

nummulitic beds of South Prance, Northern Italy, Egypt, and supposed also in

the Hala range of the Punjab. I have not seen a single Indian specimen which
could satisfactorily be identified with that species, but it is perhaps not correct

to suppose that Milne-Edwards had overlooked such marked distinctions

as those existing between F. macrocheilus and rugifer. The general shape of

the carapace is in both much the same; but in the Indian species the front is

considerably wider, being very nearly or fully equal to the length of the antero-

lateral margin, while in macrocheilus the latter margin is invariably lono-er than
the width of the front ; further, none of the rugosities so conspicuous on the
branchial regions of the carapace and on the upper outer sides of the hands of

rugifer are to be observed in any of the existing figures of macrocheilus ; in this

species also the tubercles at the upper edge of the two hands are smaller and
more numerous than in rugifer ; in macrocheilus the base of the first antennary

joint is thick, sub-quadrate, and the end obliquely obtuse, while in rugifer the base

is much less high and the outer end is regularly truncate ; the total length of the

basilar joint also appears to be greater in the last-named species. Some other

distinctions which seem to possess rather a generic than a specific value, I have
already had occasion to notice.
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PAL^OCARPILirS SIMPLEX, StoL, PI, V, Pio-. 6.

The single fragmentary specimen of this species indicates a transversally

oblong shape of the carapace, moderately convex, pitted above, and apparently
smooth below, with the front entire, sulcated near the edge, produced and bent
downwards in the middle ; the antero-lateral margins were probably shorter than
the distance between the eyes ; they are thin, without any tubercles. The basilar

joint of the antennae is narrow, slightly flexuous, and very long; it terminates with

a truncate edge in the inner angle of the orbit ; its base is conspicuously thicker

than the rest of its length. The pits for the antennulge are rather elongately

elliptical, and the basilar joint occupies considerably more than one-half of the

cavity ; its upper edge is raised and flexuous. The outer maxillipeds are imperfectly

preserved, but the three first endopodite joints exactly agree in form with those

of the male Falceoc. rugifer.

The chelse appear to be rather short and thick; the left hand is smooth, with-

out any tubercles at the upper edge; the outer surface is evenly, the inner angularly,

convex, the lower edge is rather sharply angular. The fingers are not quite equal

to half the length of the hand, thin, pointed, with the inner edges sharp and

slightly undulating, provided with indistinct tubercles : both are coloured black.

Although the above-noted characters are few, they are mostly so far character-

istic that they may serve as sufficient to recognize the species. It is easily distin-

guished from P. Klipsteini, which also has an entire front edge, by the great width

of the frontal region and the absence of tubercles on the hands. The great length

of the basilar joint of the antennse characterizes the species as a Palcsocarjnlim.

Locality.—Roxe, in a white earthy limestone of the Babua Hill, north of

Punandrow, south of Lukput.

Genus,—QMJE^OV^l^, Al. llilne-Mtoards.

Galenopsis Mtjechisoni, M.-Mw., pi. Ill, Pig. 2.

This species was originally described under two distinct names, Arges Mur-

cMsonis^ndiMwardsii, Haime and d'Archiac, (Descript. desfoss. numulit. de I'lnde,

p 340) Al. Milne-Edwards (Crust. Podoph., I, p. 350,) considers the distmctions

pointed out in the greater or lesser tumidity of the carapaces as referring to the

males and females of the same species. The same author has shown that the

seneric determination of the Indian fossil was not correct, the typical species of

Araes (A parallelus, deHaan,) belonging to the Catombtofivm, ^n& not to the

cL^niD^. Ha^-ing recognized the affinities of several other simHar species to the

recent OalencB, he proposed to unite them into a new genus under the name (?.?.-

nopsi., and also referred Arges MurcMsoni to it. The materials at his disposal were

Z sufficient for an exhaustive description of the species, and unfortunately^ this

cannot be given even at present. We only possess m our Museum a single

mTspecimen, which is, however, in several respects better preserved than any other

Tstt on record. I shall, therefore, first give a brief description of this and then

le some the characters which bear upon the generic determination of our fossil.
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Carapace convex, transversally broadly ovate, about one-fourth broader than

long, broadest near the front, narrower in the branchial regions, and very much
contracted near the tail. Upper surface smooth, subhepatic region very minutely

punctated, pleural region almost equally minutely granulate. Of the different

lobes of the carapace, only the two small, rounded, frontal lobes are tolerably well

defined; a semilunar, scrobiculate, depressed groove runs on either side of the

urogastric lobe, and a slight depression separates the cardiac from the posterior

branchial region, which is conspicuously convex. Eront bent downwards, its margin

greatly thickened, separated from the frontal face by a shallow groove, which

continues also above the thickened edge of the orbits ; the breadth of the front

edge equals that of the two orbits together ; it is four-lobed, possessing two larger

median lobes, and two smaller at the inner angles of the orbit, each sharply pro-

jecting interiorly. Orbits roundly oval, the upper edge entire, internally near the

middle with a sharp ridge ; lower edge with a- smaller tubercle near the outer

orbital one and a larger at the inner angle, followed again by a very small tubercle

at the edge of the orbital hiatus. Antero-lateral margin about equal in length

to three diameters of one orbit, obtusely angular at the edge, with four unequal

tubercles,—the outer orbital rounded, the next small and obtuse, the third also

small, but pointed, the fourth largest, also pointed, and directed outwardly forward.

Postero-lateral margin smooth, rounded, about the last fourth of its length rapidly

contracted, and the last fifth of its length distinctly iasinuated for the insertion

of the last ambulatory pair of feet. This insinuation greatly resembles that

of Carcmus, and is very rarely equally well marked in other cancesid^, but it

is characteristic for all postunid^.

The basilar joint of antennulae is transversally much elongated, with a narrow

long pit above it, communicating by a groove with the orbit, the inter-antennulary

ridge sharp, prominent. The basilary joint of the antennae must be very small,

seated in a narrow depression between the antennulary joint and the depressed

auditory tubercle ; it is not externally visible ; the eye-peduncle is thick and fills

up from internally the greater part of the orbital hiatus. Epistome fully as long

as the frontal margin, with a slight longitudinal groove; the ends sHghtly wider;

in the middle with an angular projection opposite the inter-antennulary ridge,

but separated from it by a depression.

The outer maxillipeds are of great length ; the upper end of the basipodite

has a convex surface, with a longer, slightly concave, upper, and a narrower,

almost vertical, antero-lateral edge,—the former for the insertion of the exopodite,

the latter for the endopodite. The first triangular endopodite is not quite

separated from the next ; the second has a very distinct, slightly oblique, nearly

median, longitudinal furrow ; and another less distinct one along the inner edge,

which is (at least partially) dentate. The corresponding second exopodite is appa-

rently a little longer, but scarcely of half the width of the endopodite ; third endopo-

dite subquadrangular, its length equal to half of that of the two previous joints;

inner edge with an obtuse projecting angle near the middle, the upper slope serving

for the attachment of the remaining three endopodites ; the lower inner edge is
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slightly concave. The Burf«=e is maried with two diagonal depressions, one extend-mg from the base of the fourth endopodite to the oppoA infero-posteita- angle, the
other from the inner snb-median projection to near the middle of the lower ed"e
but not reaching it, ° '

The chel^ appear to be of moderate length, as in most other ca.-c^rtj^^.
the upper arm is triangular, smooth, with an obtuse terminal tubercle at the
upper outer ridge, and a much sharper tubercle at the upper inner one. The palm
of the right hand (the only one as yet found preserved) is a Uttle longer than hi-h
rounded above and below, and almost equally convex on the outer and inner sid°es!

The surface was probably smooth, or nearly so; it is partially decomposed or
removed in the specimen and appears, therefore, reticularly scrobiculate. The
fingers are very strong,, equal in length to the height of the hand; the immovable
stronger, a little shorter, but more convex at the outer margin than the other

;

the inner edges are irregularly dentate and sulcated longitudinaUy from within.

None of the ambulatory legs are preserved.

The greatest width of the sternum is slightly less than haK that of the carapace

;

the third sternite is rather coarsely scrobiculate, with a slightly convex posterior

edge, emarginate and strongly depressed in the middle. Tail long and of

moderate width; all the joints apparently separated:* the first very shorf, but

apparently broadest, the next at least double as long, and the following gradually

increasing in length, but decreasing in breadth, each with somewhat concave lateral

margins; the last is elongately semioval, anteriorly with projecting edges, and

posteriorly obtusely rounded.

So far the description of the Indian species which Al. Milne-Edwards has, I

believe correctly, referred to his new genus Galenopsis, though in the descrip-

tion of the species (loc. cit., p. 350,) he suggests that a new generic name may

be required for it. On this account only have I gone into several minor details

which would otherwise be thought unnecessary, but there are several points in

the characteristics of the genus which yet require correct definition.

The affinities of Galenopsis to Galena are expressed in the general shape

of the carapace, much more inflated anteriorly than posteriorly, the subhepatic

and pleural regions being considerably tumid ; in the short antero-lateral, and

in the much longer and concave postero-lateral, margins ; in the moderate size of the

orbits directed towards the front and provided with a large internal hiatus, the basilar

ioint of the antennge being very small; further, in the subquadrangular shape of

the third endopodite of the outer maxiUipeds, the large size of internally tuber-

culated fingers on the hands, and the apparently entirely separated joints of the

tail in the male sex, .,..,.,. ^. - .• r

The cHef difference from Galena consists in the indistinct separation of

the lobes of the carapace, and,-if we are allowed to regard the present species as

a true Galenopsis-m the peculiar depression of the outer maxilUpeds, the second

*0n the specimen the third, fourth, and fifth joints are mostly seen as impassions only, and they are separated

aWtthrou^hrhyfine raised lines which appear to indicate sutures hetween the ^omts, or at least considerably

excavated grooves. .
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endopodite possessing a sub-median, slightly oblique, longitudinal groove, and

another near the inner margin, which is serrated or denticulate: a character

apparently of very rare occurrence in other Canceridce. It is indicated in

deHaan's Acanthodes, and with this genus also the form of the third endopodite

agrees, possessing two diagonal sulcations on the surface. The antennae must

be very small in Galenopsis ; the basilar joint lies in a depression between the

well-developed auditory tubercle, the inner edge of the orbit, and the flattened

outer side of the large basilar joint of the antennulse; the antennulary pit is

narrow and greatly elongated, communicating by an open groove with the orbit

;

the inter-antennulary ridge is apparently quite separate from the anterior median

projection of the endostome, and this latter is fully as long, or even a little longer

than the front margin.

Locality.—Hala range in Sind, in a white nummulitic limestone.

Fa/mily^—LUUCOSIDJE.

TYPILOBUS, n. gen.

Carapace transversally oval, moderately convex ; front lobes small, gastric lobe

reversely bottle-shaped, truncate below ; hepatic region small, very little elevated

;

branchial large, tumid ; cardiac transversally oval, very convex, and circumscribed

by a deep sulcus : none of these five principal lobes are sub-divided ; front very

narrow, above longitudinally grooved in the middle and slightly projecting at the

edge ; orbits close together, small, sub-circular, inner angle with a wide hiatus

;

basilar joint of the antennulse slightly ovally rounded, occupying its whole cavity

and directly adjoining the inner hiatus of the orbit ; basilar joint of the antennae

very small, wedged in between the former joint, the small auditory tubercle and

the orbit ; epistome as long as the front margin ; outer maxillipeds long ; the second

endopodite is equally broad as the corresponding exoppdite; third endopodite

sub-pyramidal, upper end roundly obtuse, all joints smooth, not sulcated; sub-

hepatic region very narrow, anterior part of pleural region tumid ; sternum com-

paratively broad, with long, narrow sternites. Tail of female about half the length

of the body, with sub-parallel sides, consisting of seven joints : tail of male a

little longer, narrow, obtuse at the end ; third, fourth, and fifth joints united.

Although none of the extremities have as yet been found preserved in the

single species to be described, this peculiar genus can readily be distinguished from

any other by the strict definition of each of the five lobes into which the carapace

is usually divided; by the very narrow, and in the middle slightly projecting, front

edge and approximate orbits ; by the equal or sub-equal width of the second endo-

and exo-podites of the outer maxillipeds, and the sub-pyramidal form of the third

endopodite; &c., &c.

As regards the true classification of the genus, it is for the present somewhat

difficult to give a quite satisfactory opinion. The transversally ovate form of the

carapace and that of the taO. would apparently indicate a Qanceride Cyclometope.

With the Carpilius group agrees the somewhat predominant length of the antero-

ateral over the postero-lateral margin; but the form of the marginal spines appears
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to resemble more those seen in Xantholites and Xanthopsia than in Carpilius
and allied genera. With Galena, and the fossil Galenopsis, there appear to be also

some marked affinities, as, for instance, the tumidity of the anterior part of the
pleural region, giving a considerable thickness to the front part of the carapace,
the comparatively small rounded orbits, with a hiatus at the inner angle, and
the very small size of the basilar joint of the antennae. Among other fossil genera,

Typilobm appears to possess also a great resemblance to Bell's Flagiolophus*w\Ac\\

Milne-Edwards classes with Galena in one group. The outer maxillipeds of

Flagiolophus are not well known, but they also in some respects appear to resemble

those of the present genus.

By much the prevailing characters of Typilohus seem, however, to show decided

affinities to the Leucosidm, a family of the microcephalic Urachyura, formerly

generally called Oxystomata. In that family the carapace is more or less rounded,

slightly wider than long, the front edge is short, slightly projecting, orbits close

together, and their inner hiatus filled in by the antennulary basal joint, while the

antennae are very small. They are almost the only family in which the first joints

of the outer-maxillipeds are very long, and the last joints externally not, or barely,

visible ; they also have the second endopodite of about equal width with the cor-

responding exopodite. Eor a comparison, nay, almost identity, in the form of these

joints of Typilohus, I may particularly refer to the recent genus Ebalia, as figured

in Cuvier's Regno animale, pi. 24.

The only peculiarity to be observed in Typilobm, distinct from other Leucosiv^,

is the form of the tail in the female, being of equal width throughout, while in

Ebalia, Ixa, and allied genera the median joints are sub-circularly enlarged.

There appear to be as yet very few fossil Leucosid^ known. Al. Milne-

Edwards suggestsf that Bell's MythraciaX (baud MithraxJ probably belongs to

the present family.

TyPILOBTJS GEANUIOSUS, Stol., PI. Ill, Eigs. 3—5.

Carapace transversally ovate, its length being in proportion to width very

nearly as 8 : 10 ; the anterior larger half nearly semicircular, the posterior smaller,

gradually narrowed and truncate at the posterior edge, with a small tubercle at each

end; upper surface rather coarsely, equally, and very densely granular, or when

the surface is not well preserved, provided with numerous shallow pits_ of equal

size; the sub-hepatic and pleural regions are simUarly marked, sub-branchial region

only finely rugose.
'

Division of lobes typical for the genus; the lateral groovfes

defining the gastric region are anteriorly rather indistinct, posteriorly, where they

contract, mucE deeper; groove between the hepatic and branchial -gion slight

;

cardiac lobe very convex, transversally sub-ovate, somewhat wider than the has

of the gastric, and separated by a flattened area from the posterior --S^" ^^ ^he

carapace. Branchial region mostly elevated near the base of the gastric, and poste-

* Monog. foss. Make. Crustacea of Great Britain, Part I, 1857, p. 191, Pal^ontographical Society of London,

t Crust. PodopMhalmaires, Vol. I, p. 62.

X Monog. foss. Mai. Crust., etc., p. 9.
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riorly opposite the median part of the cardiac, lohe on each side provided with a sharp,

spinose tubercle, placed somewhat below the edge. Eront very narrow, with the

margin swollen, divided by a distinct groove in the middle, slightly projecting

;

it is confluent with the supra-orbital edge, which is almost shorter and less tumes-

cent ; each is very slightly emarginate at the edge itself.

The antero-lateral margin is considerably longer than the distance between

the outer angles of the orbits, each of which is armed externally with a short spiny

tubercle, margined above and below by a short groove. The edge of the margin

itself is sharp, with numerous rather fine serrations : one tubercle, distant two-thirds

the length of the antero-lateral margin from the orbit, equals in size the outer

orbital spine, while the costal tubercle is conspicuously the largest, depressed,

and sharply pointed. Postero-lateral margin somewhat shorter than the antero-

lateral, high, flfittened, smooth at the junction ; the posterior edge provided

with a flexuous ridge. Lower edge of orbit short, slightly projecting in the middle,

internally angular. Basilar joint of the antennulse almost larger than the eye-

peduncle and filling out the inner side of the orbit; auditory tubercles and

basilar joint of antennae very small, scarcely distinguishable. Epistome thin,

as long as the front, with a sharp projection in the median anterior front,

opposite the inter-antennulary ridge, but not united with it. Sub-hepatic reo-ion

narrow, pleural region broader, very tumid, more or less projecting, separated

from the former by a broadish, deep groove, which becomes about the middle
confluent vsdth a thin ridge separating the outer from the inner sub-branchial

regions. Third endopodlte joint obtusely and narrowly truncate at the end, very
slightly curved at the outer, and straight at the inner, edge. Greatest width
of sternum somewhat exceeding half the width of the carapace; the sternites

a little broader at the end than at the base.

The tail of the female is of equal width throughout; it appears to consist

of seven separate joints, but they are not very well defined in the single specimen

;

the first joint is shortest and smooth; the succeeding ones gradually increase

in length
; each has a rounded tubercle in the middle and one at either end ; these

tubercles, however, again become indistinct on the last joint, which is broadly
rounded at the posterior edge.

In the male the tail is much narrower and comparatively longer, lino-uate

;

the first and second joints are the shorter and of equal width ; the third is widest
and united with the fourth and fifth, which become gradually narrower up to the
last, the posterior edge of which is narrowly rounded: all the joints are sub-
tuberculate along the middle and at the sides.

None of the feet have been observed.

Length of carapace of the largest specimen (a male) 10^ m.m., width of the
same 13 m.m,, height 5'3 m.nL

Locality.—'Fvova. a ferruginous clay, apparently of nummulitic age, in Sind.
Mr. Wynne g,lso obtained a single specimen in a ferruginous, conglomeratic sand-
stone at the Saheind hill scarp, west of Egera, in Kutch.





PLATE I.

Figs. 1—3. Neptunus Wynneanus, Stol., p. 4 ; baek-j front-, and ventral-views of a female and

male specimen; s, epistomej ir, inter- antennulary ridge ; ao, outer orbital spine;

cs, costal spine ; h, hepatic lobe ; g, gastric lobe ; b, branchial lobe ; c, cardiac

lobe ; 0, auditory sack ; ac, basal joint of the antennse ; an, basal joint of the

antennulse. Both specimens are from near Pfpiir, Kutch.

Figs. 3—10. Fragments of chelae of an Uca. or Cardisoma from between Soojapoor and Badra,

Kutch ; 3 and 4, outer-views of the hands ; 5—7, outer-views of the fingers

;

9 and 10, inner-views of the hands, (see p. 2).
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PLATE II.

Figs. 1—2. Outer- and inner-views of two hands probably belonging to an Atergatis, from

between Soojapoor and Badra, Kutch, (see p. 2)

.

Figs. 3—5. Neptunus Sindensis, Stol., p. 7, from the Lukkee hills in Sind ; 2>, 3a, 3b, back-,

front-, and ventral-views of the carapace of a male specimen ; cs = gastric lobe

;

bl, branchial lobe ; cl, cardiac lobe j Al, hepatic lobe ; pi, post-frontal lobe

;

/I, frontal lobe ;
gs, outer orbital spine ; as, lower inner orbital spine ; is, basal

joint of antennae; cp, outer maxillipedsj r, inter-anteanulary ridge; c, epistome j

bj, basal joint of antennae ; 4, back-view of a specimen with a portion of the right

chela preserved ; the left side of the carapace is towards the margin mostly

broken off; 5 and 5a, outer- and inner-views of a right hand of another

specimen.
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PLATE III.

Pig. ... 1. Neptunus SiNDENSiSj Siol., Tp. 7 . Ventral-view of the same specimen as figured

on pi. II, fig. 4.

Fig. ... 2. Galenopsis Mtjechisoni, M. Edw., p. 11; 1,%a, 26, back-, front-, and ventral-

views of a male specimen ; i, outer orbital tubercle ; a, inner orbital tubercle

;

r, inter-antennulary ridge ; b, basilar joint of antennae ; o, auditory tubercle ; 2c,

2d, 2e, outer-, inner-, and top-views of a right hand of the same specimen.

Figs. 3—5. Typilobtjs g&ksvlosvs,* Stol., p. 15, from Sindj 3, natural size of a male speci-

men ; 3a, 2>b, 3c, back-, front-, and ventraUviews of the same, three times the

natural size ; 3d, outline of the joints of the tail, the 3-5th joints appear to be

united ; 4, diagrammatic view of the maxillipeds of a male specimen ; 5, natural

size of a female specimen; 5«, 5b, and 5c, back-, front-, and ventral-views of the

same, enlarged three times the natural size ; bd, outline of the disunited joints

of the tail.

* This species occurs also in clayey beds north-west of Bair, Kutch,
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PLATE IV.

Figs. 1—6. PALaocAKPiLiirs KTJGIFEE, Stol., p. 8 ; 1, ventral-view of a large female specimen,

two of the right anterior feet are perfectly preserved, showing the grooves on

the last joints ; 2, front-view of another large ? specimen ; 3, back-view of a

small, almost perfect ? specimen ; 4, outline of the segments of a ? , and 5, those

of the $ ; in the former all the seven segments are separated, in the latter the

3rd-5th are united ; 6, back-view of a small $ specimen with a rather convex

thorax
J

6a, front-view of the same, showing the strong deflection of the front.

All the specimens are from the argillaceous beds in the stream under Koba hill,

Kutch.
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PLATE V.

Figs. 1—5. PAUEOCARPiLitJS EUGiFEE, Stol., p. 8 ; 1, ventral-view of a ^ specimenj the right

chela laid out in order to show the inner side ; h, antennulary pit ; a, basal joint

of antennse; i, inner orbital tubercle j c, lower outer orbital tubercle ; 2.and 3

are outer-views of the right and left chelse of a very large female specimen, and

4 are the outer maxillipeds of the same, all figures of the natural size; 5,

ventral-view of a small male specimen, the pits of the antennulse, the basal

joints of the antennse, epistome, &c. ; in 5a the same organs are enlarged; a,

basal joint of antennae; b, antennulary pits; o, auditory tubercle; r, inter-

antennulary ridge ; e, epistome ; g, endostome ; gr, endostomic ridges
; p, inner

edge of the pleural region.

All the specimens are from the yellow argillaceous beds in the stream under the

Koba hill, near Pipiir.

Pig. ... 6. PALa!OCA:RHLiTis SIMPLEX, Sfo^., p. 11 ; 6,6a, and 63, back-, ventral-, and front-

views of the only specimen as yet known from Babua hill, Kutch.
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A MONOGHAPH

OP THE

EOSSIL CORALS AND ALOYOMRIA

OP

SIND.

I. Introductory Bemarks on previous Works relating to the Fossil Corals of Sind.

In 1853 MM. d'Archiac and Jules Haime published their great work entitled

' Description des Animaux Fossiles du groupe Nummulitique de I'lnde.' It contained,

amongst other subjects, a very elaborate description of many species of fossil Corals

which were derived from unknown localities in Sind. These descriptions were con-

tributed by the late Jules Haime, a zoophytologist of great power and a most

conscientious observer. He noticed seventeen species of Corals, most of which were

well-known forms in the Nummulite-bearing rocks of Europe ; some, however, were

new to science. But the situation of their original localities was masked by the state-

ment that these fossils had been found in the Hala mountains—that is to say, in a

geographical position which never had any existence. The exquisite delineations of

the species given by MM. dArchiac and Haime are of course of great value, but

their monograph is of slight geological importance ; they ignored all other Tertiary

formations in Sind except the Nummulitic.

Although the exact localities whence the fossil corals submitted to MM. d'Archiac

and Jules Haime came are unknown, it may be taken for granted that the majority

came from Sind and one from Cutch.

The fossils had been collected by Captain Vicary and Mr. Blagrove and others,

some years previously.

In 1863 the author of this Monograph examined the collections in the museum of

the Geological Society which had been submitted to the two French palaeontologists

B
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and was surprised to find that several species had not been described ; moreover, the study

of these forms left the impression on his mind that other Tertiary deposits besides the

Nummulitic exist in Sind. The results of this re-examination were published in the

' Quarterly Journal of the Geological Society,' 1864, vol. xx., and the new species were

described and delineated in the ' Annals and Magazine of Natural History,' April 1864.

The list of species was then increased to forty-two in number, and some were stated to

be of Miocene age, and others were considered possibly to be Pliocene in date. The

communication to the Geological Society was made at the instance of Mr. H. M.

Jenkins, F.G.S., and it appeared in confirmation of his belief that the Tertiaries of a

vast area in the East, including those of Java, were Eocene and Miocene in age.

But the greatest interest excited by the labours of MM. d'Archiac and Jules

Haime was in relation to the increased importance of the Nummulitic coral-fauna.

Slight as was their addition to it, they helped to remove the impression that the early

Tertiary ages were uncoralliferous. Since the publication of their great work, the

magnificent coral-fauna of the Eocene of Western Europe has been shown to form but

a part of a great development of coral-life, which left its evidences especially in those

Alpine regions whose fossils have been so a,bly described by the late A. E. Eeuss and

by Catullo and D'Achiardi. The Eocene coral-fauna of the West-Indian islands,

described by the author of this Monograph, added interesting forms to the fauna.

Now that the Tertiary strata of Sind have been examined by the Geological Survey

of India, and the corals have been carefully collected from localities whose stratigra-

phical position has been ascertained, the older Tertiary coral-fauna is very considerably

increased. In fact, the Nummulitic strata, divided or not into Eocene and Oligocene,

contain a coral-fauna as important as that of the Miocene age.

Not only has the examination of the fossil corals lately obtained by the Geological

Survey of India from Sind added to the numbers of the Eocene species, but it also

indicates that there is an upper series of coralliferous strata which merits the title of

Oligocene. Again, other species clearly prove, what was formerly suggested was

probably the case, that an important Miocene coral-fauna lived on the same area as

that which had been previously occupied by the earlier Tertiary forms.

Amongst the collection of corals from Sind, the result of the careful labour of the

Geological Survey under Medlicott and W. T. Blanford and Fedden, is a small

series which was found on a lower geological horizon than the Nummulitic rocks. They

required careful study, for the Cretaceous formation seems to merge into that of Lower

Tertiary age in Sind.

II. The Origin of the Collection about to he described.

A very large number of specimens of the fossil Corals which had been collected in

Sind were sent to the author of this Monograph by the kind direction of the Superin-

tendent and Deputy-Superintendent of the Geological Survey of India. He has made
the Corals and Alcyonaria his careful study, and their description forms his contribu-

tion to the Palseontology of India.
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III. The Stratigraphical Belations of the Coralliferous Series in Sind.

The Survey of the Province of Sind by Messrs. W. T. Blanford, F.E.S., and

Mr. Fedden enabled the first-mentioned of these geologists to describe the general

geology of the area as follovv^s*:

—

" The greater portion of Sind, including all the richer and more populous parts of

the province, consists of the alluvial flat of the Indus, and is a portion of the great

Indo-Gangetic plain of Northern India. But to the veest of the river, at a variable

distance, barren rocky hills arise, in Upper Sind consisting chiefly of a great north and

south range, knovpn as the Khirthar, which separates Sind from the Kelat territory (or

Baluchistan), and in Lower Sind, south of Sehwan, of several minor ranges, having a

general north and south direction. All these ranges, if of any height, consist chiefly of

Nummulitic limestone ; and the ridges in Lower Sind are for the most part anticlinal

rolls, higher beds occupying the intervening valleys. The Geology of the province is

singularly simple, faults being rare, whilst the disturbance of the rocks is just sufiicient

to afford good sections, without rendering the relations of the beds so complicated as to

be difiicult to trace.

" Until recently the Geology was chiefly known from the researches of Captain

Vicary, published no less than thirty years agof ; and these researches were limited

to a very small province. The fossils collected by Captain Vicary and others were

described and elaborately figured by MM. d'Archiac and Haime:}; in 1853, the whole

of the marine fauna being supposed to be Eocene. It was, however, subsequently

shown by Professor Martin Duncan§ and by Mr. Jenkins
||

that there was a

mixture of later Tertiary forms amongst the siipposed Eocene fossils, and it was

noticed by Captain Vicary that above the marine beds were conglomerates and sand-

stones containing fossil bones.

" Such was, in brief, the information available when the Survey was commenced
;

and the result of a more thorough investigation has naturally added much, without de-

priving the earlier information of its value. Indeed the beautiful figures of d'Archiac

and Haime's work have been of the greatest service in the field, by enabling us at

once to identify many of the fossils found. The results of the first year's work have

been briefly described in the Records of the Geological Survey^; but much additional

information has since been added, the most important being the recognition of Cre-

taceous beds at the base of the Tertiaries, and the confirmation of the view before

announced, that a thin flow of basalt, representing the Deccan traps, underlies the

Tertiary rocks. The beds of Sind are now classifled thus in descending order :

—

* Proceedings of the Asiatic Society of Bengal, January 1878.

t Quart. Journ. Greol. Soc. vol. iii. p. 334.

t Description des Animaux Eossiles du groups Ifummuliti^ue de I'lnde.

§ Ann. & Mag. Nat. Hist. ser. 3, vol. xiii. p. 295.

II
Quart. Journ. Geol. Soc. vol. xx. p. 45. 1 Vol. is. p. 8.
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Name.

Alluvial, &c.

Subdivisions.

2. Manchhar. -

3. Gaj.

4. Nari.

5. Khirthar.

6. Eanikot.

Upper.

Lower.

Approximate
thickness.

Unknown.

5000.

Supposed
Greological age.

Eecent and post-

Tertiary.

Pliocene.

Upper.

Lower.

Upper.

.Lower.

3000 to 5000. Lower Pliocene or

Upper Miocene.

1000 to 1500. Miocene.

4000 to 6000. Lower Miocene ]

100 to 1500. Upper Eocene or

Oligocene.

500 to 3000. Eocene.

7. Traps.

8. Cretaceous-

6000^

2000.

do.

Lower Eocene.

40 to 90. Upper Cretaceous.

'CarditaBeau-

monti beds.

Sandstones.

Hippuritic

limestone.

350 to

700

320

\ Cretaceous.

Eemarks.

Unfossiliferous; ap-

parently repre-

sentative of the

Sevalik group.

Fossiliferous, with

Vertebrata.

Highly fossiliferous ;

no Nummulites.

Unfossiliferous.

Nummulitic lime-

stone.

Unfossiliferous.

Fossiliferous ; num-

mulitic.

Representative of

Deccan and Malwa

trap.

Base not exposed.

" The finest sections are exposed in the Khirthar range in Upper Sind, and from this

range the name applied to the Nummulitic limestone, which always forms the highest

part of the hills, has been taken. On the eastern flank of the range, the Nari, Gaj,

and Manchhar beds are seen successively dipping towards the Indus plain, whilst west

of the range, in Kelat, lower beds come in ; but these have hitherto only been examined

very hurriedly in one spot, on the Gaj river, which traverses the main range by an im-

passable gorge. Some 10,000 feet of these lower beds are exposed, no base being seen

;

but Nummulitic and other fossils were only found in the higher beds, the lower 5000

or 6000 feet being unfossiliferous.

" The only other place in Sind where beds inferior to the Nummulitic limestone were

found to be exposed is in the nameless range of hills running south from Sehwan. This

range is sometimes spoken of as the Laki range, from the village of Laki near the nor-

thern extremity. It appears to be part of the Hala range of Vicary and others ; but the

Hala range of the old maps included the Khirthar and several other ranges, and no

distinct chain of hills is known by any such name in the country. There is, however,

an unimportant pass in the Laki range known as Hala Lak (Lak=pass). Each sepa-

rate peak of this range has its own name, no general term being applied to the whole.
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In this Laki range, however, beneath the Nummulitic limestone, the Lower Eocene

and Cretaceous beds just noticed are' well exposed.

" In the south-western portion of the province the weU-marked breaks between the

different subdivisions of the Tertiary series can no longer be traced. The massive

Nummulitic limestone, so conspicuous to the northward, becomes broken up into thinner

beds intercalated with clays and sands, and finally disappears, and the higher Tertiary

groups all tend to pass into each other.

" The lowest bed seen in the province, the Hippuritic Limestone, has only been

found in one spot, and there the outcrop does not occupy much more than about half

a mile in length. The only recognizable fossil found was a Hippurite. It is probable

that this limestone is identical with the Cretaceous limestone, which occupies a large

area in Persia, and which has been traced at intervals, from south-east of Karman to the

neighbourhood of Tehran. If so, this is the first time that the formation has been

recognized in India, except in the Himalayas. The bed consists of pale-coloured hard

limestone, very gritty and sandy above, purer beneath.

" Above the limestone there is a considerable thickness of dark-coloured sandstones,

often of a purplish tint, and frequently rather calcareous. These beds are not very fos-

siliferous, but towards the top they contain oysters and a few bones, apparently reptilian."

* " The highest subdivision of the Cretaceous formation consists of soft olive shales

and sandstones, usually of fine texture. The sandstone beds are thin, and frequently

have the appearance of containing grains of decomposed basalt or some similar volcanic

rock, or else fine volcanic ash. A few hard bands occur, and occasionally, but rarely,

thin layers of dark olive or drab impure limestone. Gypsum is of common occurrence

in the shales.

"Palaeontology.—The olive shales are highly fossiliferous, the commonest fossil

being Cardita Beaumonti, a peculiar, very globose species, truncated posteriorly, and

most nearly allied to forms found in the lower and middle Cretaceous beds of Europe

(Neocomian and Gault). This shell is extremely abundant in one bed, about 200 to 250

feet below the top of the Cretaceous series, but is not confined to this horizon. Wautili

also occur, the commonest species closely resembling 2V^. LabecTiei of Messrs. d'Archiac

and Haime, but differing in the position of the siphuncle. This form appears undis-

tinguishable from N. Bouchardianus, found in the upper Cretaceous Arialur beds of

Pondicherry, and at a lower Cretaceous horizon in Europe. A second Nautilus

resembles N. subfleuriausianus, another Eocene Sind species, in form, and is also allied

to some Cretaceous types. Several Gasteropoda occur, especially forms oiRostMaria,

Cyprcea, Natica, and Turritella, but none are very characteristic. Two forms of Ostrea

are common—one of them allied to the Tertiary 0. Flemingi and to the Cretaceous

0. Zitteliana, but distinct from both. The only moUusk which certainly passes into

the Ranikot beds is Corhula Harpa. Two Echinoderms have been found—one is an

Epiaster, an almost exclusively Cretaceous genus, only one or two Tertiary species

* Prom 'A Manual of the Geology of India,' by Messrs. Medlicott and "W. T. Blanford, P.Q-.S.,

vol. iii. p. 449 ; also Memoirs of the Geological Survey of India, vol. xvii. pt. 1 ; Blanf ord, Geology of

"Western Sind, 1879.
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having been found ; the other is an aberrant form of EcMnolampas. Two or three

corals complete the list of invertebrate fossils found in the olive shales.

" In the lower part of the beds, with Cardita Beaumonti, however, some amphicoelian

vertebrae were found, which Mr. Lydekker has ascertained to be crocodilian. All

amphicoelian crocodiles are Mesozoic, and the present form must be one of the latest

knovm. So far as it is possible to form an opinion from very fragmentary materials,

the vertebrse in question appear more nearly allied to the Wealden Suchosaurus than

to any other form hitherto described. It has, however, been already shown, when

writing of the Gondwana flora, that the distribution of Beptilia in past ages was not

the same in India as in Europe.

" Beccan Trap.—Mention has already been made of one bed of basalt intercalated

in the sandstones above the hippuritic limestone ; a much more important band of the

same igneous rock has been traced, resting upon the Cardita-Beaumonti beds, through-

out a distance of 22 miles from Eanikot to Jakhmari, about 17 miles south of Sehwan,

wherever the base of the Eanikot group, the lowest Tertiary formation, is exposed.

The thickness of this band of trap is trifling, and varies from about 40 to about 80 feet.

Apparently in some places the whole band consists of two lava-flows similar in mineral

character, except that the upper is somewhat ashy and contains scoriaceous fragments

;

the higher portion of each flow is amygdaloidal, and contains nodules of quartz,

calcedony, and calcite, and in places the nodules are surrounded by green earth, as is so

frequently the case in the Deccan traps,

" Another characteristic accessory mineral, common also in the traps of the Deccan

and Malwa, is quartz with trihedral terminations. The basaltic trap of the Laid

hills is apparently of subaerial origin, although it rests conformably on the marine (or

estuarine X) Cardita-Beaumonti beds. There is nothing in the igneous bed to indicate

its having consolidated otherwise than in the air, and the structure differs altogether

from that of subaqueous volcanic tuffs.

" The evidence that this band of basaltic rock is interstratified, and not intrusive, is

ample ; throughout the whole distance the trap is found in precisely the same position

between the lowest beds of the Eanikot group and the highest Cretaceous strata, and

apparently perfectly conformable to both.

^^ BaniJcot Group.—The name of the lowest Tertiary subdivision is derived from a

hill-fortress of the Sind Amirs, situated in the Laid range of hills, and known as Eani-

jo-kot, or Eanikot, and also as Mohan-kot, from the Mohan stream, which traverses the

fortification. The Eanikot group is much more extensively developed in Sind than the

underlying Cretaceous beds ; for although it is confined to Lower Sind, and although

its base is only seen in the Laki range, north of Eanikot, its upper strata occupy a

considerable tract of country, about 26 miles long from, north to south, by about 12 in

breadth, north-west of Kotri ; and another even larger exposure, about 36 miles long,

occurs, extending from north of Jhirak (Jhirk, Jhirruk, Jerruck, or Jurruk) to Tatta. In

the Laki range, the Eanikot beds are seen for about 35 miles ; but the outcrop is never

more than 2 or 3 miles broad, and one small inlier is exposed to the west of Eanikot.

" All the lower portion of the Eanikot group, including by far the greater portion
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of the beds, consists of soft sandstones, shales, and clays, often richly coloured and

variegated with brown and red tints.

" Gypsum is of frequent occurrence j some of the shales are highly carbonaceous ;

and in one instance a bed of coal (or lignite) nearly 6 feet thick was found, and a

considerable quantity of the mineral extracted. The quality was, however, poor ; and

from the quantity of iron-pyrites present, the coal decomposed rapidly, and was liable

to spontaneous combustion when exposed, whilst the deposit was found to be a small

patch, not extending more than about 100 yards in any direction. Some of the more

pyritous shale is used in the manufacture of alum.

"The only fossils found in the lower portion of the Eanikot group, with the exception

of a few fragments of bone, have been plants, some Dicotyledonous leaves, hitherto not

identified, being the most important. All the Eanikot beds, except towards the top of

the group, have the appearance of being of freshwater origin, and are probably fluviatile.

A variable portion of the group, however, towards the top, consists of highly

fossiliferous marine limestones, often light or dark brown in colour, interstratified

with sandstones, shales, clays, and ferruginous bands. These are the lowest beds in

Sind containing a distinctly Tertiary marine fauna.

" The brown limestones are well developed around Lynyan, east of Band Vera and

north-west of Kotri, and throughout the area of Eanikot beds, near Jhirak and Tatta.

In this part of the country there appears to be a complete passage upwards into the

overlying Nummulitic limestone (Khirthar) ; but in the Laki range the upper marine

beds of the Eanikot group are poorly represented or wanting, and it is evident that

they were removed by denudation before the deposition of the Khirthar limestone, for

the latter is seen at Hothian Pass, resting upon their denuded edges.

" The greatest thickness of the Eanikot group in the Laki range (where alone, as

has already been explained, the base of the group is visible), is about 2000 feet ; but

generally the amount is rather less, about 1.500. It must, however, be recollected that in

this locality some of the upper marine beds are wanting ; and as these marine limestones

and their intercalated shales, sandstones, &c., are 700 or 800 feet thick, in places

north-west of Kotri, it is evident that the original development of the group exceeded

the 2000 feet seen in the Laki range.

"Palceontology.—The following are some of the commonest or most important

fossils of the Eanikot group. The largest collections made by the Geological Survey

have as yet only been partially examined, and the lists of fossils given can be considered

only preliminary, many of the commonest species being undescribed forms.

Nautilus subfleuriausianus.

Deluci.

Eostellaria angistoma.

Prestwichi.

fusoides.

Terebellum distortum.

plicatum.

Cephalopoda.

Gastbeopoda.

Nautilus Forbesi.

Volutajugosa.

Natica longispira.

Nerita (Velates) Scbmideliana.

Turritella angulata, var.

assimilis.
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LAMBLLIBEAIfCHIATA.

Corbula Harpa.

Vulsella legumen.

Spondylus Eoualti.

Ostrea Plemingi.

vesicularis.

Beachiopoda.

Terebratula, c/. subrotunda.

ECHINODBEMATA.

Schizaster, sp.

Hemiaster digonus.

Enrbodia Morrisi.

Prenaster, sp.

Toxobrissus, sp.

Conoclypeus, sp.

Troehocyatbus Vandenbeckei.

Cyclobtes Vicaryi.

Operculina canalifera.

Nummiilites spira.

Anthozoa.

rOBAMmiFEEA.

Ecbinolampas, cf. subsimilis.

Temnopleums Valenciennesi.

Salenia, 2 sp.

Pbymosoma, sp.

Porocidaris, sp. (spines).

Cidaris Halaensis.

Montlivaltia Jaequemonti.

Nummulites irregularis.

Leymeriei.

" In the above list the majority of forms, such as the Foraminifera, the majority of

the Echinodermata and Gasteropoda, are Lower Tertiary ; but still there is a very distinct

admixture of species with Cretaceous affinities, such as the Nautili, all of which are

connected rather with Cretaceous than with Tertiary types, the Terehratula, which

cannot be distinguished from one of, the commonest Upper Mesozoic species, and forms

of Salenia, Cyclolites, &c. Corlula Harpa is the only form hitherto recognized that is

also found in the Upper Cretaceous olive shales, but a variety of the same shell is also

found in the Nari beds.

" Khirthar Qrowp.—Although this group, named from the great frontier range of

hills already noticed, is, when the underlying shales and sandstones are excluded,

inferior in total thickness to several other subdivisions of the Tejrtiary series in Sind, it

comprises by far the most conspicuous rock, the massive Nummulitic limestone. Of
this formation all the higer ranges in Sind consist. It forms the crest of the Khirthar

throughout, and all the higher portions of the Laki range, of the Bhit range south-

west of Manchhar lake, and of several smaller ridges, and consists of a mass of lime-

stone, varying in thickness from a few hundred feet in Lower Sind to about 1000 or

1200 at the Gaj river, and probably 2000 or even 3000 farther north.

" The colour is usually pale, either white or grey, sometimes, but less frequently,

dark grey ; the texture varies from hard, close, and homogeneous, breaking with a

conchoidal fracture, to soft, coarse, and open. Ordinarily, the Nummulitic limestone is

tolerably compact, but not crystalline, and is chiefly composed of Foraminifera, especially

Nummulites, whole or fragmentary ; corals, sea-urchins, and mollusks also abound, but

the two latter very frequently only weather out as casts.
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" It has already been mentioned that in the Laki range the Nummulitic limestone rests

unconformably on the Eanikot group. The Khirthar group here cannot be much more

than 500 or 600 feet thick, and consists entirely of limestone. To the south-east,

towards Kotri and Tatta, there is no unconformity between the Eanikot and Khirthar

groups ; but, on the contrary, there is an almost complete passage between the two, and

the limestone of the latter becomes much split up and intercalated with shales and

sandy beds. To the south-west, near the Habb river, the massive limestone dies out

altogether; and although it is well developed in the southernmost extremity of the

Khirthar range near Karchat, about 50 miles south of Sehwan, it disappears entirely

within a distance of 25 miles, and in the ranges on the Habb river is entirely re-

placed by shaly limestones, shales, and thick beds of sandstone. Some rather massive

beds of nummulitiferous dark-grey limestone, very different in character from the pale

coloured Khirthar limestone, are found west of the Habb, but their precise position in

the series is. not known; and the rocks appearing from beneath the Nari group, in the

place of the Khirthar limestone, consist of shales and sandstones, with some calcareous

bands abounding in Nummulites, and closely resembling, both iu character and in the

species of Foraminifera they contain, the Nummulitic shales beneath the massive lime-

stones on the Gaj river. It is not known to what extent the typical Khirthar lime-

stone is developed in Baluchistan ; around Kelat, to the northward, this band appears

to be extensively exposed ; but to the westward, near Gwadar, the rocks supposed to

represent the older Tertiary beds consist of an immense thickness of shales, shaly

sandstones, and unfossiliferous calcareous bands, resembling the lower Khirthar of the

Gaj and the beds of the Habb valley, and limestones with Nummulites are of

unfrequent and local occurrence. It is thus evident that the Khirthar limestone,

although it is so conspicuous in most parts of Sind, and although it attains a considerable

thickness, is not by any means universally distributed.

"Paloeontology.—The most characteristic fossils of the Khirthar group ?txe Nummu-

lites and Alveolina ; neither the genera nor, as a rule, the species are peculiar ; butithe

extraordinary abundance of individuals renders it usually easy to recognize even small

fragments of the rock by the organisms preserved in it. The following is a list of the

commonest or most important fossils :

—

Gastbeopoda.

Ovulum Murchisoni, and other species.

Cerithium, cf. giganteum.)

Nerita Schmideliana.

Lamellibbanchiata.

Pholadomya Halaensis.

Corbula subexarata.

Cardita mutabilis.

subcomplanata.

Lucina gigantea.

Brissopsis scutiformia.

Sowerbyi ?

ECHINODEKMATA.

Astarte Hyderabadensis.

Crassatella Sindensis.

Halaensis.

Vulsella legumen.

Ostrea Tesicularis, yar. (0. globosa, /Sow.).

Schizaster, sp.

Eupatagus Avellana.
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Fibularia, sp.

Amblypygus, sp.

Conoclypeus pulvinatus.

Orbitolites pedunculata.

Orbitoides dispansa.

Patellina Cooki.

Alveolina ovoidea.

sphseroidea.

Nummulites obtusa.

FORAMINIPEBA.

Eurhodia Oalderi.

Echinolampas discoideus.

Sindensis.

Nummulites Eamondi.

Biaritzensis.

Beaumonti.

Vicaryi.

granulosa.

Leymeriei.

" Many of the species named, and the Foraminifera especially, are characteristically

Eocene; and there can be no question that the Nummulitic limestone of India is a

continuation of the same formation in Europe. Several species pass from the Eanikot

beds into the Khirthar group ; indeed the principal palseontological diflferences between

the two may be due to a change in conditions, the Khirthar being apparently a deeper

water deposit than the Eanikot group.

" Nari Group.—The series of Tertiary rocks above the Khirthar Nummulitic lime-

stone is superbly developed and very well seen in the hills on the frontier of Upper Sind,

the culminating ridge of which is known as the Khirthar. The names of the Tertiary

groups overlying the Nummulitic formation have consequently been derived from places

in this range ; and the Nari group takes its title from a stream which traverses the

lower portions of the range, composed almost entirely of Nari beds, for a considerable

distance, and issues from the hills nearly west of Johi, and west by north of Sehwan.

The present subdivision comprises, at the base, the uppermost bands of limestone

containing NumTnuUtes—the species, however {N. Garansensis and N. sublcevigata),

being distinct from those so commonly found in the Khirthar subdivision, and the

limestone itself being usually distinguished from that of the Khirthar group by its

yellowish-brown colour, and by being in comparatively thin bands, interstratified

with shales and sandstones. Several other fossils, too, besides the Nummulites, differ

from those in the Khirthar beds. Not unfrequently, however, there is an apparent

passage from the white or greyish-white Khirthar limestone into the yellow or brown

Nari rock, and the two groups appear always to be perfectly conformable ; but no

intermixture of the characteristic species of Nummulites has been detected, and

the division between the Khirthar and Nari beds can always be recognized by the

fossil evidence. In some places the lower Nari beds consist almost entirely of

brown and yellow limestone ; but more frequently the limestone bands are subordinate,

dark shales and brown, rather thinly-bedded, sandstone forming the mass of the rocks.

The limestone bands are often confined to the base of the group, and always diminish

in abundance and thickness above, although they are occasionally found as much as

1500 feet above the top of Khirthar. The shales and fine sandstones, with occasional

bands of limestone, constitute the lower Nari beds, and pass gradually into the coarser,

massive, thick-bedded sandstones forming the greater portion of the group, and attaining

a thickness of 4000 or 5000 feet on the flanks of the Khirthar range. With the
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sandstones, a few bands of clay, shale, or ironstone are interstratified, and bands of

conglomerate occasionally occur. The Nari beds in their typical form extend through-

out the eastern flank of the Khirthar range, and occupy a belt of varying width, from

one or two to as much as 10 miles in breadth, between the underlying Khirthar and

the overlying Gaj beds. On the western side of the Bhagotoro hills, 4 or 5 miles south

of Sehwan, there is a break in the Nari beds, and some variegated shales, clays, and

sandstones, richly tinted in parts with brown and red, and representing the massive

sandstones of the upper Nari group, rest unconformably on the denuded edges of the

lower Nari brown limestones and shales. The break is evidently local. To the east of

the Laki range the Nari beds are entirely wanting, and it appears very possible that

they have never been deposited in this portion of the Indus valley.

" From the neighbourhood of Sehwan to Jhirak, Manchhar beds rest, with more or

less unconformity, on the Khirthar, a very faint and imperfect representative of the

Gaj group occasionally intervening. But west of the Laki range, throughout Lower

Sind, the Nari beds are found exposed almost wherever the base of the Gaj group is

seen ; they increase in thickness to the westward, and the Habb valley, from the spot

where the river first forms the boundary of British territory to the sea, consists entirely

of these strata. There is, however, in this part of the country no longer any such

marked distinction between the subdivisions of the Tertiary series as is found in the

Khirthar range. The disappearance of the Khirthar limestone has already been

mentioned, and with it the lower Nari limestones with Nummulites Garansensis and

]V. suhlcevigata also disappear, so that it is no longer possible to draw a distinct line

between the two groups, for the shaly beds at the base of the Naris are undistinguish-

able from similar rocks in the Khirthar. The calcareous shales, with the characteristic

Khirthar Nummulites, below, and the massive Nari sandstones above, are still recog-

nizable, and the two groups can consequently still be traced, although the dividing line

between them is obscured. Beds of brown limestone, too, full of Orhitoides papyracea

(or 0. Fortisi), a fossil closely resembling a Nummulite, and associated in abundance -

with N. Garansensis in the typical lower Nari limestones, occur in the Nari beds

of the Habb valley ; but instead of being found at the base, they appear in the middle

of the group. Again, just as at the base of the Nari beds, there is a difficulty in

distinguishing them from the Khirthar, so the beds at the top of the former group

can only be separated by an arbitrary line from the overlying Gaj beds.

" In the Khirthar range the upper boundary of the Nari group, although there is

no unconformity, is distinct and definite, limestones with marine fossils of the Gaj

group resting immediately upon the upper Nari sandstones. But in Southern Sind

bands of limestones, or calcareous sandstones, with marine fossils, some of which are

well-marked Gaj species, occur in the upper part of the Nari group, whilst limestone

bands with the Nari OrMtoides papyracea are found in the Gaj

.

" PalcBontology.—The sandstones, which form so large a portion of the Nari group,

have hitherto proved destitute of animal remains, and in the typical area in Upper Sind

no beds with marine fossils are intercalated in the upper portion of the group ; but the

occasional interstratifications of shales and clays often contain fragments of plants, and

c2
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some ill-marked impressions, probably due to fucoids, have been found in the sandstones

themselves. There appears a probability that these sandstones may be of fiuviatile and

not of marine origin,

" In the limestones tovv^ards the base of the Nari group many marine fossils have

been obtained, the following being some of the more important :

—

Gasteeopoda.

Terebellum obtusum.

Cyprsea nasuta.

Voluta jugosa.

dentata.

Triton Davidsoni.

Natica patula.

Corbula Harpa.

Pecten Labadyei.

Venus granosa.

Schizaster Beluchistanensis.

Eupatagus rostratus.

Eehinolampas, sp.

Trochocyatbus Burnesi.

Nummulites Garansensis.

sublsBTigata.

Natica sigaretina.

Siliquaria G-ranti.

Solarium affine.

Trochus cumulans.

Phasianella Oweni.

Lamellibranchuta.

ECHIJSrODEEMATA.

Anthozoa.

FOKAMINIFEKA.

Cardium triforme.

Ostrea flabellula.

Clypeaster profundus.

Coelopleurus Forbesi.

Cidaris Verneuilli.

Montlivaltia Vignei.

Orbitoides papyracea.

" Although some species pass from the Khirthar and even from the Eanikot group

into the Nari beds, the fauna is chiefly distinct, and marks a higher horizon^ The
'most marked change is, perhaps, in the Foraminifera, because they are so abundant

and characteristic—whole beds of limestone towards the base of the Nari group being

entirely made up oi Nwmmulites Garansensis, N. suhlcevigata, and Orbitoides papyracea,

the last-named frequently of large size, some specimens being two or three inches

in diameter ; yet every species is distinct from those occurring in the Khirthar group.

One of these species of Nummulites, N. Garansensis, is of importance, because it occurs

in Europe, as in Sind, in the highest strata characterized by the abundance of the

genus, those beds being at the base of the Miocene. Nummulites suhlcevigata is

peculiar, so far as is known, to India.

" Several of the Mollusca and Echinodermata of the Nari beds also, such as Siliquaria

Granti, Solarium affine, Venus granosa, and Clypeaster profundus, show distinctly

Miocene affinities, and some of these pass up into the Gaj group. But at the same

time there are so many Eocene forms present, such as Natica patula, N. sigaretina,

Ostrea fiahellula, Voluta jugosa. Sec, that it is somewhat difficult to decide to which

subdivision the Nari beds should be assigned. They may, perhaps, occupy an inter-

mediate position, similar to that of the Oligocene of continental geologists.
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"<rffi/ Group.—Upon the Nari group, almost throughout Sind, there is found resting

a mass of highly fossiliferous limestones and calcareous beds, usually more or less shaly,

always distinctly stratified, and easily distinguished from the limestones of the older

Tertiary formations by the absence of Nummulites. A superb section of the strata

forming this group is exposed on the banks of the Gaj river, the only stream which

cuts its way through the Khirthar range, and in the neighbourhood of which, west of

the range, the fine section of Lower Tertiary and Cretaceous beds, already noticed, is

exposed. From this river the present group derives its name.

" On the eastern flanks of the Khirthar range, in Upper Sind, the Gaj group forms

a conspicuous ridge, the hard dark-brown limestone bands near the base of the forma-

tion resisting the action of denudation] far more than the soft sandstones of the Nari

beds, and rising every here and there into peaks of 1000 and 1500 feet, or even more,

escarped to the westward, and sloping to the east, Amru (the highest summit of the

Gaj ridge) being 2700 feet above the sea. Still the limestone bands, although so

conspicuous, are subordinate, the greater part of the group consisting of sandy shales,

clays with gypsum, and, towards the base, sandstones. Many of the bands of lime-

stones appear very constant in position, and may be traced for a long distance. As a

rule, they are dark brown in colour ; but one bed is white, and abounds in corals and

small Foraminifera (Orbiioides), whilst some of the darker bands contain Echinoder-

mata in large quantities. The uppermost portion of the group is usually argillaceous,

being chiefly composed of red and olive clays with white gypsum ; and these beds pass

gradually into precisely similar strata belonging to the overlying Manchhar group.

The passage-beds contain, amongst other fossils, Turritella angulata and forms of

Ostrea and Placuna, and the following :

—

Corbula trigonalis.

Lucina (Diplodonta) incerta.

Tellina subdonacialis.

Area Larkanensis.

"All of these have allies living in estuaries at the present day. Area granosa,, a •

recent representative of A. Larkanensis, being one of the commonest and most typical

of Indian estuarine Mollusca. To these estuarine passage-beds further reference will

be made presently, when the relations of the Manchhar to the Gaj beds are discussed.

The Gaj beds at the Gaj river are very nearly 1500 feet thick ; but they appear to be

less developed to the northward in the Khirthar range, and not to be much more than

half the thickness named west of Larkana, where, however, they are nearly vertical,

and have probably suff'ered from pressure. In Lower Sind the Gaj group, like the

Nari, disappears to the eastward of the Laki range, where it is either entirely wanting

or else represented by a thin band, containing one of the characteristic fossils, Ostrea

multicostata, at the base of the Manchhar group. There is, however, a very large area

of Gaj beds north and north-east of Karachi ; and the appearance of the formation there

is somewhat diflerent from what it is in the Khirthar range ; for the greater portion

of the group consists of pale-coloured limestones, almost horizontal, or dipping at very

low angles, and to the east of the Habb valley forming plateaux 400 or 500 feet high,

bounded by steep scarps, which rise from the low ground of the soft Nari sandstones.
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A low range of hills, formed of Gaj beds, extends to the south-west, past the hot springs

at Magar or Mangah Pir, to the end of the promontory known as Cape Monze, west of

Karachi ; and the same beds form the low hills east and north-east of the town, and

furnish the materials of which the houses in Karachi are mostly built. A small island

called Churna, in the sea west of Cape Monze, also consists of Gaj rocks. To the

northward, the Gaj area of Lower Sind extends with very irregular outline to the

neighbourhood of Tong and Karchat, almost due west of Hala ; and there are several

outliers farther north, connecting the southern portion of the group with the typical

outcrop in the Khirthar range. East of Karachi, also, Gaj beds extend in the direc-

tion of Tatta until they disappear with the other Tertiary rocks beneath the alluvium

of the Indus. As was shown in a previous Chapter, the Gaj group of Sind appears

to be represented in Cutch by a highly fossiliferous belt, containing most of the typical

moUusca, echinoderms, &c. It is quite possible that the present group, as well as the

Nari, never was deposited in the neighbourhood of Kotri and Jhirak.

" It has been already stated that the Gaj beds, throughout the greater portion of

the Khirthar range, rest conformably upon the Nari group, although there is a change

in mineral character, and that, in Lower Sind, the passage from one group into the

other is gradual, calcareous bands, with Gaj fossils (such as Ostrea multicostata and

Pecten sulcorneus), being found interstratified with the uppermost Nari sandstones. At

one place, however, near Tandra Rahim Khan, west by north of Sehwan, the outcrop

of the Gaj beds, here dipping at a high angle to the westward, runs nearly in a straight

line across the mouth of a valley, composed of a deep synclinal of the Nari group,

between two anticlinal ridges of Khirthar limestone. As the Gaj beds do not share

the synclinal curve of the Naris, it is difficult to see how the two can be conformable
;

but an examination of the boundary between the two groups failed to show any clear

evidence of unconformity. There are, however, some places south of Sehwan where the

Gaj group overlaps the Nari beds and rests upon the Khirthar limestones ; but it must

be recollected that the Gaj group is itself overlapped by Manchhar beds in the imme-

diate neighbourhood. The commonest and most characteristic fossils of this group are

Ostrea multicostata and Breynia carinata. There cannot be any question that the Gaj

fauna is newer than Eocene : some of the species are recent (for instance, Bosinia pseu-

doargus is identical with the recent B. exasperata, Chemn.) ; and it is probable that

many others, when they are compared with recent forms more carefully than has

hitherto been done, will prove to be the same as living species. Several genera, too,

as Maretia, Breynia, Meoma, Hchinodiscus, Cladocora, and Bchinopora, are rare or un-

known in the older Tertiaries ; and there is almost a complete disappearance of Eocene

forms, very few species being common to the Nari beds even. The chief doubt is

whether the Gaj should not be considered as Upper Miocene. The only mammal yet

obtained from the Gaj beds is Rhinoceros Sivalensis, a species found also in the Siwaliks."

IV. The Classification followed and the Works consulted.

The classification followed in this Monograph of the fossil Corals of Sind is

principally in accordance with that of MM. Milne-Edwards and Jules Haime, and
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contained in their ' Histoire Naturelle des Coralliaires.' Some modifications have been

used, which have been the result of the experience of zoophytologists since that book

was published ; but the attempt has been made to restrict, rather than multiply, genera.

The other works which have been constantly used in the preparation of this Monograph
are :—those volumes of the Palseontographical Society which relate to Mesozoic and

Tertiary British Corals; the works of Fromentel on French Zoophytology, and the

descriptions of Catullo; and D'Achiardi's works on the fossil Corals of the

Nummulitic strata of the Venetian'Alps (' Studio comparativo fra i Coralli dei Terreni

Terziari del Piemonte e dell' Alpi venete,' Pisa, 1868).

Especial thanks are due to the late A. E. Eeuss, whose clear descriptions and

beautiful engravings facilitate the labour of every student of fossil corals. His works

which relate to the present subject are :
—

' Die fossilen Foraminifefen, Bryozoen, und

Anthozoen von Oberburg in Steiermark,' from the ' Denkschriften der kaiserlichen

Akademie der Wissenschaften in Wien,' 1864 ; also, from the same source, " Palaon-

tologische Studien iiber die alteren Tertiarschichten der Alpen :—1. Die fossilen Antho-

zoen der Schichten von Castelgomberto, 1868 ; 2. Die fossilen Anthozoen und Bryozoen

der Schichtengruppe von Crosara, 1869; 3. Die fossilen Anthozoen von S. Giovanni

Ilarione und von Eonca, 1874." My paper on the fossil Corals of the older Tertiaries

of the West Indies, contained in the ' Quarterly Journal of the Geological Society
'

(1873, vol. xxix.), and, finally, DAchiardi's admirable work ' Coralli eocenici del

Friuli' (Pisa, 1875) have been of much service.

V. The Characteristic Growth of the Sind Corals and their Bange in Time.

The condition of the specimens collected by the Geological Survey of India from

the strata in Sind is good, and, as a rule, the external characters of the species were

readily investigated ; but a few sections were required ; and all doubtful specimens, or

those which did not fairly indicate structure, were neglected.

The predominance of pedunculated forms with a well-developed epitheca is very

remarkable in the whole of the series. The younger forms were very constantly pre-

served fixed to a nummulite, and the older were crammed with these Foraminifera in

the Eanikot and Khirthar specimens.

The Corals grew ia a shallow sea, crowded with Nummulites, in the ages during the

accumulation of the sediments of these two series. In the Cretaceous age, when the

olive sandstones beneath the Trap accumulated, there were no Nummulites, but a

shallow sea prevailed. The Cretaceous Corals appear to have lived under circum-

stances preventing the formation of a continuous coral limestone.

There are many Corals which may have belonged to the top of the Khirthar or to

the bottom of the Nari series; and in the Nari beds the Oligocene coral-fauna prevailed.

But in the Gaj series, although pedunculate Corals prevail, others occur which

were massive during life, and the assemblage was more reef-like than the others in its

generic peculiarities.

The Corals form five very natural faunas, and that of each geological series is

separable from the others, community of species being exceptional : the Cretaceous,

Nummulitic, Upper Nummulitic, Oligocene, and Miocene series are represented.
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VT. Description of the Fossil Corals from the Strata below the Trap in Sind.

The Cretaceous Series.

List of Species described.

From the strata below the Trap and containing Cardita Beaumonti.

Section MADBEFOBABIA.

Group MADEEPOEAEIA APOEOSA.

Family TUBBINOLIDJE.

Subfamily Caetophtlliace^.

Genus Caeyophtllia (as limited by Stokes, Zool. Joum. vol. iii. p. 481, 1828).

Caryophyllia compressa, Duncan.

indiea, Duncan.

Feddeni, Duncan.

Subfamily Teochoctathacea

Genus Teochootathtjs, M. Edwards Sf J. Haime, Hist. Nat. des Goratt. vol. ii. p. 26.

Trochocyathus Lakii, Dimean.

Subfamily TTTEBiiTOiiACEiE.

Genus Smiloteochits, M. Edwards 4r J- Saime, torn. cif. p. 70 (amended).

SmiJotroclius Jakhmari, Duncan.

Blanfordi, Duncan.

Family OCULINID^.

Transition-Group Stylophoeinje.

Genus Styiophoea.

Stylopliora, species.

Family ASTBJEJD^.

Svhfamily Lithophylliace^ o^spitosa

Genus Ehabdophyllia, M. Edwards ^ J. Haime, tom. cit. p. 343.

Ehabdophyllia Barkii, Duncan,

Group MADEEPOEAEIA PEEFOEATA.

Family POBITID^.

Genus LithaEjEA, M. Edwards ^ J. Haime, op. cit. vol. iii. p. 187.

Litharsea epithecata, Dwacan.

epithecata, var. hemisphserica.
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The fossil Corals collected by Mr. Fedden, F.G.S., of the Geological Survey of

India, from beds beneath the Trap underlying the Nummulitic series of Sind, were

obtained from Jakhmari, in the Laki range, south-west of Amri, and from Barki nala,

north of Eanikot, in the Laki range. Their general position has been noticed in a

former page, and they are found in the Olive sandstones and in a more recent geological

horizon than that of the Hippurite limestone. The fossils are usually well preserved,

are calcareous, and their surfaces are of a light-brown tint. Usually dark calcite has

replaced the hard parts of the corals deeply.

The fossil Corals belong to the Madreporaria aporosa and to the Madreporaria

perforata—the first group being represented by the genera Caryophyllia, Trochocyathus,

Smilotrochus, and Bhabdophyllia, and the last by the genus lAtliaroea.

None of the forms of Corals described by MM. d'Archiac and Haime in their

classical work are found in the Cretaceous series.

Section MADREPORARIA.
Group MADREPOEARIA APOROSA, Milne-Edwards ^ Jules Haime.

Family TUEBINOLIDyE.

Subfamily CAETOPHYLLIACE^.

Genus CAEYOPHYLLIA, Stokes (limited).

1. Cakyophyllia compressa, Duncan. Plate I, Figs. 1-4.

The corallum is compressed from side to side, slightly bent in the plane of the

minor axis, adherent to a foreign body by a small oval base. The calice is elliptical

in outline and rather pointed at the extremities. The costae are distinct from the

base upwards, alternately large and small, becoming more subequal at the calice, blunt,

rather largely granular and rather close ; those at the extremity of the calice are the

largest. The calice is shallow ; the columella is large ; the septa are alternately long,

stout, sharply granulated at the sides, and small, the smallest being much thinner

than the corresponding costse. There are four cycles of septa, complete in six systems

;

and there are short pali before the tertiary septa.

Height of corallum -yo inch.

Length of calice -g^- inch ; breadth of calice -^ inch.

Locality. Jakhmari, Laki range, west of Amri. Survey-number Gi ffy.

Illustrations of the Species in Plate I.

Fig. 1. Side view of the corallum.

2. View of part of a calice : magnified.

3. The base : natural size.

4. Costse near the calice : magnified.

2. Caeyophyllia Indica, Duncan. Plate I, Figs. 5-7.

The corallum is conical, truncate, and nearly straight. The calice is circular in

D
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outline, widely open, and the fossa is shallow. The base is small, circular, and blunt.

There are four cycles of septa in six systems, and there is not much difference in the

size of the first and second orders, which are the longest and largest ; the tertiaries are

smaller and not so long, and the highest orders are linear and short ; they are all linear

within, granular, not exsert, and correspond to costse larger than their bases, especially as

regards the higher orders. Pali exist before the tertiary septa; they are distant from the

septa, and small. The columella is small, and its tissue very lax and wide apart. The

costse are subequal, distinct to the base, granular at the edge and sides, the epitheca

being rudimentary there. Near the base the costse of the higher orders are the smallest.

Height of the corallum ^ inch.

G

Breadth of calice -^q inch.

Locality/. Barkinala, north of Eanikot, Laki range. Survey-number G ff| and
3.04
30 •

Illustrations of the Species in Plate I.

Fig. 5. A side view of the corallum.

6. The calice: magnified.

7. The costse: magnified.

There is a variety with small moniliform costse near the base.

Locality. Barki nala, north of Eanikot, Laki range. Survey-number G -^f

.

3. Caetophtllia. Feddbni, Duncan. Plate I, Figs. 8-10.

The corallum is tall, slender, not quite straight, marked with growth-rings, and the

calice is circular in outline. The base has a small scar. The costse are alternately large

and small below, less unequal above, wavy, distinct, multigranular above, and .some are

small and moniliform near the base. The calice is small, and the columella exces-

sively so. The pali are small and few in number, and are before the third septa

when the system is complete. The septa are unequal, the primaries large, and the

higher orders much smaller than their costse. The septa are long and distant, and

there are four incomplete cycles of them.

Height of the corallum ^ inch.

Breadth of calice -^ inch.

Locality. Jakhmari and Barki nala. Survey-numbers G ff^j Gr fy^, G ^^.

Illustrations of the Species in Plate I.

Fig. 8. A side view of the corallum.

9. Costse, magnified, from below.

10. Portion of the calice : magnified.

Buhfamily TROGHOOYATHAOE^.

Genus TEOCHOCYATHUS, M. Ed. 5f Haime.

1. Tkochoctathus Lakii, Duncan. Plate I, Figs. 11-13.

The corallum is short, turbinate, with a circular calice, and a small scar of former
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attachment at the base. The septa are in four cycles, incompletely developed, an order

being missing in one or two half-systems; they are slightly exsert, granular, and not

very close ; those of the first and second cycles are equal and are the longest. The

pali are small, unilobed and are before the first, second, and third septa. The colu-

mella is small. The costse are large, strong, projecting, multigranular, alternately large

and very small ; but there are exceptions. The smaller costse are largely and roundly

granulated, in single series, and some exist from the base, and the others come in far up.

Height of the corallum -j^ inch.

Breadth of calice ^g inch.

Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G ffy.

Illustrations of the Species in Plate I.

Fig. 11. The coral : natural size.

12. The calice : magnified.

13. A part of the calice : magnified, and more or less as a diagram.

Subfamily TUBBINOLIAOE^.

Genus SMILOTEOCHUS.
Smilotroclius, M. Ed. Sf J. Haime, Hist. Nat. des Corall. vol. ii.

This genus, as noticed in Brit. Foss. Corals, Palaeont. Soc. 1869, p. 19, by P. M.

Duncan, is the simplest type of coral, there being only wall, costee, and septa present,

A non-generic attribute was admitted in the diagnosis by MM. Milne-Edwards and

Jules Haime, namely, that the corallum had no trace of former adhesion. This is

now omitted, for several corals from Sind have clearly Smilotrochoid peculiarities, but

also present traces of former adhesion to foreign bodies. I have shown, in the descrip-

tion of the Madreporaria dredged up in the expedition of H.M.S. ' Porcupine ' (Trans.

Zool. Soc. Lond. vol. viii. p. 309), that in the genus Caryophyllia broad surfaces of

adhesion, smaller pedunculate scars, and perfectly free bases are consistent with specific

identity. Hence the former state of adhesion or not has no generic value; for an

adherent coral may become non-adherent with age, and may lose every trace of its

former state.

1. SMILOTEOCHUS Jakhmari, Buncan. Plate I, Figs. 14-17.

The corallum is tall and conical, with a circular, widely open calice, and a

small base adhering to a shell ; it is also slightly curved or nearly straight, and is

marked with lines of growth. The septa are in four cycles in six systems, and are very

slightly exsert ; those of the higher orders are less prominent and smaller than the

others, and all are minutely granular, even on the free margin. The costse are well

developed, narrow, alternately large and small ; and these last are minute in some places,

and have a single row of distinct granulations on them ; the others, much larger, are

granular and wavy.

Height of the corallum —q inch.

Breadth of calice yo inch.

Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G |-|^,

d2
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Illustrations of the Sjaecies in Plate I.

Fig. 14. The corallum : natural size.

15. Costee : magnified.

A second specimen has the corallum straight.

Height of the corallum yq inch.

Breadth of the calice ^^ inch.

Locality. Barki nala, north of Eanikot, Laki range. Survey-number G |f^.

Illustrations of the Species in Plate I.

Fig. 16. Side view of the corallum.

17. Costse: magnified.

2. Smiloteochus Blanfoedi, Duncan. Plate I, Figs. 18-21.

The corallum is tall, wedge-shaped, greatly compressed, presents a very small

oval scar of former adhesion at the base, and is more or less bent ; it has a long, narrow,

shallow calice, which is horizontal, the margins being wavy, and the rounded sides of

the corallum form an angle at the base of from 30° to 45°. Marked with growth-rings,

which often resemble a linear epitheca ; the outside has very numerous small costae,

which project but little, are narrow, alternately large and small, and one in every four

is the largest. An indistinct broad, flat granulation exists on them. The central fossa

of the long, elliptical calice is linear and deep. The septa are about 200 in number,

and in large calices they are arranged as multitudes of little systems of fours and twos

;

they are short, unequal, straight, sometimes exsert, but not invariably, and those nearest

the centre have a small swelling at their inner end.

Near the base, in large specimens, transverse sections show that some of the large

septal ends unite side by side to form a false columella with an axial space ; higher

up this does not take place. There are no dissepiments.

Height of the corallum yq to yq inch.

Length of the calice about 1 inch ; breadth of the calice not quite ys inch.

Locality. Cardita-Beaumonti beds, Barah, Laki range. Survey-number G ^^.
The specimens are crowded together in a fine sandy matrix of a light brown tint,

reddish on. wetting, and are in a perfect condition. There are evidently no pali, endo-

thecal structures, or true columella ; and the genus is therefore Smilotrochus. In shape

it recalls Trochocyathus Van den HecJcei, Ed. & H., when it is not bilobed ; and it has

no aflninities with any European Cretaceous form, being very Eocene in its facies.

Illustrations of the iSpecies in Plate I.

Fig. 18. Side view of the corallum : natural size.

19. The calice: natural size.

20. Costse : magnified.

21. Part of the calice : magnified.
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A young coral of the genus Smilotrochus, probably belonging to this species, is

amongst the collection.

Fig. 22. Side view of young corallum.

23. The costse, magnified, showing alternate large and small costse.

This genus received many new species during the description of the Lower Creta-

ceous Corals of England by myself, and they rather abound in the Upper Greensand

and Gault ; but the shape of the coral and the details of the costse would distinguish

the Indian forms.

MM. Milne-Edwards and Haime describe and figure a species from the Upper

Greensand horizon of Farringdon, called Smilotrochus Austeni, which has greater aflni-

nities than any other with the Indian forms ; and they state that Smilotrochus Hagenowi,

which they neither describe nor delineate, only difiers from Smilotrochus Austeni by its

less numerous and subflexuous costse. It is from the Maestricht Chalk.

Family OCULINIDM

Transition-Group STYLOPEOBINJE.

Genus STYLOPHORA.

Stylophora, M. Ed. ^ J. Haime, Hist. Nat. des Gorall. vol. ii. p. 133.

1. Stylophoka species. Plate III, Fig. 15.

A portion of a terminal branch of a Stylo])hora, with numerous calices, some close,

and others separated by a small amount of coenenchyma, which is plain. The costse are

slightly prominent ; the septa, twelve in number, are small, six being the largest, and

the columella is small. It is quite possible that it may be one of the Stylo;phora-

contorta, Leymerie, group, which is elsewhere found in the Nummulitic series.

The genus is largely represented in the Tertiary and Eecent formations of Europe

and of the West Indies.

The specimen is on the same block as Smilotrochus Blanfordi.

From Barah, Laki range.

Family ASTM^ID^.

Suhfamily LITHOPHTLLIAOE^ GJESPITOS^.

Genus RHABDOPHYLLIA.

Ehabdophyllia, M. Ed. Sf J. Haime, Hist. Nat. des Gorall. vol. ii. p. 342.

The corallum is in the form of a branching bush. The corallites are long and sub-

cylindrical ; their walls are naked, and present along their whole length distinct granular

costse. The contour of the calices is irregular ; the columella is spongy and well deve-

loped ; the septa are short, and the endotheca is scanty.

This diagnosis embraces many species of the Triassic, Jurassic, Cretaceous, and
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Eocene ages ; and four fragments of a corallum, or of similar coralla, were found in the

Laki range.

1. Ehabdophyllia Baekii, Duncan. Plate I, Figs. 24-28.

The corallites are short, compressed, often bent, and marked transversely by con-

tractions and enlargements ; and the costse are wide apart, narrow, projecting, granular,

and long. The intercostal spaces are wide, minutely granular, and often contain a small

costa. The wall is thin, and the calice is longer than broad or irregularly shaped. The
septa are long and slender, and the higher orders are very small. Each costa at the cali-

cular margin corresponds with a septum ; and the smallest septa arise from an intercostal

space or from a new and rudimentary costa. The full number of septa is 48 ; but the

third cycle is not always completed.

The columella occupies some space, and is made up of lax and distant trabeculae

connected with the ends of the septa. The septa are not over straight, and the larger

are rather distant. The endotheca is extremely scanty.

Length of largest piece -iq inch.

Breadth of calice i%, and length nearly i% inch.

Locality. Barki nala, north of Eanikot, Laki range. Survey-number G fff

•

Illustrations of the Species in Plate I.

Fig. 24. A fractured part : magnified.

25 & 26. Specimens, side view: natural size.

27. A calice : magnified.

28. Costae: magnified.

Gro-wp MADEEPORAEIA PEEFORATA, Milne-Edwards i^ Jules Haime, 1850.

Family POMTIBM, M. Ed. & J. Haime, Hist. Nat. des Corall. vol. iii. p. 89.

Genus LITHAE^EA, M. Ed. & Haime.

Astrsea (pars), Defrance ; Goldfuss ; Michelin.

Litharaea, M. Ed. Sf J. Haime, Oompt. Bendus, t. xxix. p. 258 (1849) ; Monogr. des Poritides, p. 35.

Siderastrsea (pars), Lonsdale.

This genus has the walls between the close corallites perforate or made up of
trabeculge instead of a solid plate, as in the genus Isastrosa for instance ; consequently
in some places, in every species and generally in most, a good amount of reticulate

tissue exists on the surface between the margins of the polygonal calices. The septa
where they spring from the wall, are more or less perforate \ but elsewhere they are
thin, solid plates, some of which reach the columella. The calices are never very deep
and their centre is filled up by the top of the columella, which is composed of lax
trabeculse, continuous with the septal ends. The distinguished authors of the genus
consider that there is a thin or a rudimentary epitheca present ; and they introduce
into the generic diagnosis some points which are more specific than generic such as
the statement that there are usually three cycles of septa, and that the upper edge of
the septa is deeply crenulate.
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They distinguished the typical characters in the Astrcea Wehsteri of Bowerbank,
or Siderastrcea of Lonsdale, a fossil found in the Bracklesham-Bay series. A dendroid

form was described by them from the Miocene of Dax ; a convex and free species, the

old Astrcea crista of Michelin, was noticed from the Lower Eocene of Cuise-la-Motte

;

and a. most interesting one was alluded to as having been found, with a well-developed

and stoutly folded epitheca, in the Upper Chalk of Maestricht.

It is evident that, as in most compound corals, there was much diversity of growth,

and that convex, free, and epithecated kinds could come within the generic diagnosis.

Since the publication of the ' Hist. Nat. des CoralL' many species have been added

to those there noticed, and the genus stands as a good one.

Eeuss has described a species [Litharoea affinis) from the Tertiaries of Java* ;

DAchiardi has noticed it amongst the Eocene at Friulif ; and a well-marked form

was described from the Oligocene deposit at Brockenhurst %. Eecent species are not

known.

1. LiTHAE^A EPiTHECATA, Bimcan. Plate II, Figs. 1-9.

The corallum is circular in outline, broad, short, more or less convex above and

flat or concave inferiorly, where there is a well-developed epitheca marked with concen-

tric grooves and elevations.

The calices are rather irregular in shape, and are usually hexagonal in outline

;

they are close, and but little trabeculate wall is between them. Widely open, they are

shallow ; and whilst large and subequal on the greater part of the corallum, they are

smaller and of different sizes close to the thin rim of the full-grown coralla. There

are three cycles of septa ; all are distant, ragged, not over straight, with enlargements

and points on their sides, and incised, and bluntly crenulate or moniliform, on the free

edge ; they are trabeculate near the wall, and are united within by trabeculae here and

there. The septa are slender and long ; the primaries and secondaries are subequal

;

the tertiaries join the secondaries, being curved.

The columella is small, and is composed of distant and contorted trabeculae.

Beneath the epitheca, the lower edges of the septa and trabeculae form a close

radial series, which simulates a costal arrangement. A small central projection occurs

on the base, indicating the position of the first calice above.

Diameter of the largest specimen 3 inches; thickness of the largest specimen

-Yo inch.

Breadth of central calices ^ inch ; breadth of marginal calices yq inch.

Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G xfy.

Position. In beds with Cardita Beaumonti.

Numerous specimens exist of this very characteristic form, and they were found of

many dimensions. In all the basal epitheca is a most striking feature ; and, except

when altered by fossilization, the trabecular walls and septa are sufficient to distin-

* A. E. Eeuss, 'Possile Korallen von der Insel Java' (Novara Exped.).

t D'Achiardi, ' Coralli Eocenici' (Pisa, 1875).

t P. M. Duncan, ' Supp. Brit. Poss. Corals,' Pal. Soc. Lond. vol. xix.
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guish the species from any member of the genus Isastrcea at once. In some speci-

mens the calices are deeper than in others, and the margins of the calices are unequally

elevated, whilst the whole surface is gibbous here and there. The sameness of size of

the calices in the same specimen is sometimes striking.

The young forms have a flat base ; and this appears to grow more or less dome-

shaped with increasing lateral dimension, and probably the original calice started with

a minute peduncle and epitheca. Growth appears to take place by budding just on

the outer margin of the calices ; and no upward development occurs, there being but

one row of calices in vertical measurement.

In some of the fossils the base has become covered with a mud containing fossils, and

then the specimen appears to be an incrusting form ; but with a little care the epitheca

can be distinguished. It is this basal epitheca that gives the species its especial character

;

and it is a remarkable fact that Jules Haime should have noticed an epitheca only in

an Upper Cretaceous species from Maestricht *. None of the Tertiary forms have it.

The weathering of the surface brings out the perforate condition of the walls and

septa ; and some forms of fossilization, especially an infiltration with calcite, by filling

up the interstices, render the form like an Isastrcea with a small columella. When
destruction of the original coral has taken place, only portions of it being left here and

there, the cast that remains has, of course, no evidence of the former presence of the

wall between the calices, and the aspect given is that of an Heliastrsean. It is neces-

sary to remember this ; for some specimens from Barki nala might be relegated to

another genus than Litharcea.

LiTHAE^A EPiTHECATA, noUs, var. HEMisPH^KicA. Plate II, Fig. 10,

The basal surface is concave, and the upper surface is almost hemispherical.

The calices are shallow, and hence there must be a vertical successional growth.

Breadth of corallum I^-q- inch ; height centrally ^ inch.

Locality. Barki nala. Survey-number G xrf-

When the fossilization has destroyed the walls, the remarks already made hold

good ; but towards the edges some smaller calices show all the specific characters.

Illustrations of the Species in Plate II.

Fig. 1. The upper surface of the type of Litharcea epithecata.

2. The basal epitheca.

3. A smaller and younger specimen ; calicular surface.

4. The basal surface.

5. The basal epitheca of a very small specimen.

6. Calices of a weathered specimen : natural size.

7. The calices : magnified.

8. The structure of the wall, septa, and endotheca : magnified.

9. A portion of the basal epitheca : magnified.

10. View of the variety hemisphcerica.

* L. Goldfussi, M. Ed. & J. H., Hist. Nat. des Corall. iii, p. 189.
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List of the Species of Madreporaria from the beds with Cardita Beaumonti at Jakhmari,

at Barki nala, north of Eanikot, and at Barah, in the Laki range.

1. CaryopTiyllia com/pressa, Duncan.

2. CaryophylUa Indica,

3. CaryopJiyllia Feddeni,

4. Trochocyathus LaJcii,

5. Smilotrochus Jakhmari,

6. Smilotrochus Blanfordi,

7. Bhahdophyllia Barkii,

8. Litharcea epithecata, Duncan, and a variety.

9. Stylophora, sp.

Of these corals the most numerous are the Litharoece, and the species is evidently

a most characteristic form. The CaryophyllicB are next in importance, and then the

Smilotrochi.

Taken as a fauna, this assemblage of species does not indicate the conditions of a

reef sufficient to form a coral-limestone. The forms were not massive, and the Litharcea

was epithecate and covered a very small area. A shallow-sea formation, where the

coralsJived under not very favourable conditions, occurred.

With regard to the alliance of the corals with those of other strata and formations,

but little can be determined. There are no characteristic Secondary or Tertiary forms

present. The range of the genus Caryophyllia is from the Cretaceous to the present

day, and the new species do not belong to the deep-sea group of the European Chalk.

The genus Smilotrochus was most common in the Upper Greensand and Gault of

Europe; but it lasted on into the Nummulitic, and may be still represented. The

Smilotrochi have thus as great Nummulitic as Cretaceous affinities. The Litharcea has

affinities with an Upper Cretaceous form, but the genus had a great Tertiary range.

As a whole, the facies of the fauna is more Eocene than Cretaceous ; and it is

impossible to give a geological position, so far as age is concerned, to the group of

forms from this limited palaeontology. There is a remarkable similarity of outline,

figure, and of special shapes of certain species in the coral-faunas of the Cretaceous and

Eocene ages ; and from the appearance of the Stylophora and the Smilotrochus Blan-

fordi, so greatly resembling Smilotrochus incurvus, D'Achiardi, of the Italian Eocene,

an Eocene facies rather predominates.

There are numerous Caryophyllice in the Cretaceous deposits of Southern India,

and they were described by Stoliczka in his Monograph of the Cretaceous fauna of

Southern India (Memoirs of the Geological Survey of India, 1873) ; but they are only

generically allied to those from the Cardita-Beaumonti beds of Sind. They come from

strata of Lower Cretaceous age, and there were several genera present which are only

known as Tertiary in Europe or recent. In the fauna now under consideration a

transition from the Cretaceous to the Eocene is fairly indicated.
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VII. Bescnption of the Fossil Corals from the Ranikot Series of Strata ofSind.

NuMMULiTic Series.

List of Species described.

Section MADEEPORARIA.

Group MADEBPOEAIHA. AP0E08A.

Family TUBBINOLID^.

Suhfamih) Teochocxathacea

Trochocyatlius corbicula, Duncan.
\

Placocyathus etriatus, Duncan.

Blagrovia simplex, Duncan.

Subfamily TtjebinoIjIACIjE.

Family ASTB^IDJU.

Subfamily 'EvsM.TJtiTsm.

Trochosmilia MedKcotti, Duncan.

Subfamily Sttlinace*.

Stylina Eeussi, Duncan.

Stylocoenia maxima, Duncan.

Stylocoenia Vicaryi, Haime.

Eanikoti, Duncan.

Subfamily AstEjEinjB.

Montlivaltia G-ranti, Duncan.

Lynyani, Duncan.

Eanikoti, Duncan.

Peddenia typica, Duncan, and two varieties.

Feddenia cristata, Duncan.

elongata, Duncan.

PlocophylUa Sindiana, Duncan.

flabellata, Beuss.

Subfamily LlTHOPHTLLIACBiE MEANDEOIDE^.

Diplopia flexuosissima, D'Achiardi.
\

Leptoria liydnophoroidea, Duncan.

Subfamily AstKjEAOe^.

Stephanoeoenia microtuberculata, Duncan.

Astrocoenia Blanfordi, Dumean, and variety.

cellulata, Duncan.

nana, Seuss.

gibbosa, Duncan.

Astrocoenia ramosa, Sowerby.

Isastrsea punctata, Duncan.

Astrsea Morloti, Beuss.

Pironastrsea Indica, Duncan.

Eeussastrsea grandis, Duncan.

Family FUNGID^.

Subfamily Lophoseein^.

Paehyseris Murchisoni, M. Ed. ^J. Haime.

Trocboseris difformis, Beuss.

Cyathoseris orientalis, Duncan.

EUiptoseris aperta, Duncan.

Turbinoseris Eanikoti, Duncan.

—- epithecata, Duncan,

Haimei, Duncan.

Indica, Duncan.

elegans, Duncan.

Cyclolites alpina, D'Orbigny.

Cyclolites Eanikoti, Duncan.

crenulata, Duncan.

Vicaryi, Haime.

anomala, Duncan.

superba, Duncan.

Haimei, Duncan.

A Itavillensis, Defranee.

striata, Duncan.

Thamnastrsea Balli, Duncan.
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Qrmvp MADEEPOEAEIA PEEFOEATA.

Family MABBEPOBID^.

Suhfamily EuPSAMMiNE-S).

Stephanopliyllia Indica, Dwnean.

Family POBITID^.

Litharsea grandis, Duncan.
|

Porites superposita, Duncan.

Section MADEEPOKARIA.

Group MADEEPOEARIA APOEOSA.

Family TUBBINOLIBM.

Subfamily TROOHOCTATEAOEJE.

Genus TEOCHOCYATHUS, M. Ed. & J. H.

1. Teochoctathus corbicula, Duncan. Plate VII, Figs. 12-14.

The corallum is short in height, long and narrow in its very deep and elliptical

calice, rounded at the base, generally compressed, and the calicular margins are curved

inwardly at the sides.

There is a granular and rather indistinct epitheca ; but the costae are visible at the

calicular margin and for some distance down ; they are numerous above, subequal, and

minutely granular.

The septa are numerous and crowded at the rather broad margin ; a few are

slightly exsert, and they are very unequal in size and length. They dip down close

to the thick wall, and extend very slightly into the calice, and the larger pass along

the base of the very deep calicular fossa to the long elliptical and largely developed

trabecular columella. The septa are alternately large and small ; and the smaller are

separated by a longer, which either does not reach far down, or is attached to the

columella, by a paliform continuation. There are more than five cycles of septa

;

the laminae are thin, often wavy and distinctly granular.

Length of the corallum -J inch ; length of the calice Ixo inch.

Breadth of the calice -g- inch ; depth of the calice ^ inch.

Locality. Hills'east of Lynyan, Kanikot group. Survey-number G -f-lf-

Illustrations of the Species in Plate VII.

Fig. 12. The corallum from the side : natural size.

13. The base.

14. The calice : slightly magnified.

e2
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This species is more closely allied to Trochocyathus sinuosus (Brongniart's sp.)

of the Eocene of the Vicentin, of Brazzano in the Friuli district, and of La Palarea,

than to any other form.

Oenus PLACOCYATHUS.
Placocyatlius, M. Ed. Sf J. H., Hist. Nat. des Gorall. vol. ii. p. 58.

1. PLACOCYATHUS STEIATUS, JDuncan. Plate XIV, Figs. 8-10.

The corallum is simple, short, with a broad attached base and slightly sloping sides,

covered with a faint epitheca, through which the straight and alternately large and

small, rounded, slightly projecting costse are seen. The calice is longer than broad, is

deep, and the thick margins are slightly sinuous.

The septa are very numerous, small, crowded, and unequal: a few large ones

reach the bottom of the fossa, and are in contact with a short lamelliform columella
;

these septa, probably eighteen in number, have pali at their columellary ends, which

merge gradually into the laminse; the other septa, not reaching so far, are slightly

wavy and close to the wall. At the margin there are a number of systems of three

septa between two large ones, the middle one of the three being slightly larger than

the small one on either side. The costse are a marked feature, and give a striped

appearance to the outside. The sides of the septa are granular ; and in some places

the granules are nearly worthy of the name of synapticulse.

Height of the corallum -^ inch.

Length of the calice 1 inch.

Locality. Lynyan, Eanikot group. Survey-number G fff •

Illustrations of the Species in Plate XIV.

Fig. 8. A side view of the coral : natural size.

9. The columella and some pali : magnified.

10. The costse : magnified.

This is the only representative of the genus in the Indian Tertiaries. The others

are of Miocene age in the West Indies.

Subfamily TUBBINOLIACEJS.

BLAGEOVIA, gen. nov.

The corallum is simple, turbinate or subturbinate, and attached by a small

peduncle. The calicular fossa is very deep ; the septa are numerous and unequal, and

the costse are covered with an epitheca which permits the larger being seen, and they

reach the small base. There are no endothecal dissepiments, pali, or columella.

This genus has close structural resemblances with Smilotrochus, from which it

differs in the possession of an epitheca and peduncle of attachment.

1. Blageovia simplex, Duncan. Plate XIV, figs. 11-13.

The corallum is small, compressed, turbinate, and the small base has a scar of

attachment, and the primary costse and some secondaries reach it. The septa are very
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irregular and numerous, and are in sets of three or of five between two larger ones.

There are five cycles of them, and a few members of a sixth.

The epitheca is delicate, and forms an integral part of the costal arrangement.

Height of the corallum -fo inch.

Length of the calice -^ inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey number G fte-

Illustrations of the Species in Plate XIV.

Fig. 11. The corallum : natural size.

12. Base and calice : magnified.

13. Septa at the margin : magnified.

Family ASTByEIBM
Subfamily EUSMILIN^.

Genus TROCHOSMILIA.
Trochosmilia, M. Ed. Sf J. H., op. cit. vol. ii. p. 181.

1. Teochosmilia Medlicotti, Duncan. Plate III, Figs. 2-5.

The corallum is greatly compressed, and is deltoid, wedge-shaped, or flabellate in

outline. There is usually a curved pedicel with a mark of former adhesion, but in

some the pedicel is straight and sharp. The long, elliptical, rather pointed-ended, and

sometimes sinuous calice is usually on a level plane, but sometimes not. It is rather

deep centrally, stout at the margin, and crowded with septa.

The costse are distinct near the calice, and subequal there, slightly projecting,

granular, and have small intercostal spaces. Lower down, the costse become alternately

large and small, the smaller being rather linear in some instances. They merge into a

pellicular epitheca, or into a " broken " epitheca consisting of irregular-shaped pieces

resembling a bad mosaic.

The septa are slightly exsert at the margin, curved above and not dentate. They

are crowded, and there are five cycles, with extra orders in large specimens. They are

alternately large and small, long and short. The longer gain the axial space and bound

it. All are distinctly and largely granular.

There is no columella. The endotheca is scanty. There is a slight exotheca here

and there.

The height of the largest specimen is i^inch, and its calice is in length 1^% inch.

The next specimen is j^ inch high, and about an inch in length. A third, drawn on

Plate III, is j^ inch high and ^^ inch long at the calice.

Locality. Jhirk, Eanikot group. Survey-number G fa"^^.

Illustrations of the Species in Plate III.

Fig. 2. A moderate-sized specimen : natural size, side view.

3. Its calice: magnified.

4. The worn septa: magnified.

5. The granulate septum : side view.
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Subfamily Sf'TLINAOE^.

Genus STYLINA.

Stylina, M. Ed. Sf J. H., vol. ii. op. eit., p. 232.

1. Stylina Eeussi, Duncan. Plate X, Figs. 11-14.

The corallum is convex above, with gibbous projections, circular in outline, and

conical and pedunculate inferiorly.

The upper surface and its gibbosites are crowded with numerous, very slightly

projecting, circular, or deformed calices, some of which are separate and others close.

The normal calice has a circular, sharp, and rather exsert narrow margin, which is very

distinct, a very large, central styliform columella rounded above, and subequal costae

passing over the wall to the intercalicular space, where they terminate.

The septa are alternately large and small, long and short, and there are three

cycles in six systems. The primaries and secondaries are much alike, and reach close

to and touch the columella ; sometimes some do not reach so far. The tertiaries axe

smaller, and usually do not pass far inwards from the wall. The septa are all smaller

than the costse ; and the tertiaries have much larger costee attached to them than their

own laminae.

In some calices the walls touch, but there is no connexion then by septa-costae.

The intercalicular space presents the straight ends of the radiating costae.

The columella, in longitudinal sections, is very large, straight, cylindrical, or slightly

compressed, and is marked, from above downwards, with a great number of irregular

cross stripes or projecting ridges ; these give origin to minute trabeculae, which join

the larger septa to the columella. The sides of the larger septa above, visible in

longitudinal section, are minutely granular in lines placed across them.

The endotheca is moderately developed, and the epitheca has been worn off the

specimen.

Height of corallum, including gibbous prominence, 1-^^ inch ; breadth 1-^ inch.

Diameter of calices j^^ to xs^ inch.

Locality. Jhirk, Eanikot group. Survey-number G |
280
a4a-

Illustrations of the Species in Plate X.

Fig. 11. The calices on the corallum : natural size.

12. The calices : magnified.

13. The columella in longitudinal view: magnified.

14. Costse on base : magnified.

This species is only generically allied to those Stylince which Eeuss described from

Castel Gomberto.

Genus STYLOCCENIA.

StyloeoBnia, M. Ed. Sf J. H., op. cit. vol. ii. p. 250.

1. Sttloccenia maxima, Duncan. Plate XII, Figs. 1-5.

The corallum is large, with a circular and concave base, and has rather thin edges.

The upper surface is convex, with a central conico-cylindrical upgrowth. The calices
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are large, deep, and some of the intercalicular pillars are very stout, long-, and usually

pointed, whilst others are small and striated.

The calices are largest in the midst and smallest at the edges of the corallum ;

they are irregularly hexagonal in shape, deep, with a closed fossa as broad as the

margin. There is a small styliform columella, which is compressed from side to side,

and presents an elongate transverse section. The septa are thin, wide apart, do not

project much into the calicular cavity, are often wavy, and ten equal in size unite with

the columella. In some calices a very rudimentary intermediate septal series exists,

and is continuous on the intercalicular ridge with small costal prolongations.

There are some endothecal growths between the septa, but not extending far from

the wall, and the interseptal loculi are closed in below. On the intercalicular ridges,

which are moderately broad, are long, linear, short projections, which give off, on either

side, costse which go to the septa, and sometimes two unite to form a septum. On the

linear projection is a solitary ridge, and the septo-costal arrangement arises from a

reticulation close to the calicular margin. In some instances the linear ridge is broken

or sinuous.

The columns or intercalicular pillars are situated at the angle of junction of four

or five calices. The largest are broad at the base, and cover nearly as much surface

as a calice. The smaller occupy much less space according to their size ; they are

cylindrical for much of their height, and then are usually compressed but not inva-

riably ; they diminish in breadth rather suddenly, and end in a point which is long and

blunt. Wide apart, narrow, slightly projecting, sometimes wavy, but usually straight

linear projections are placed longitudinally up the columns ; they converge at the top,

and unite there at a point, or on either side of a short line, and they are sometimes

connected throughout their course, here and there, by cross linear projections.

The longitudinal lines sometimes bifurcate, and may be equal or subequal, or an

intermediate set may be smaller than the others ; and the intermediate structure of the

column usually presents a series of more or less regular slight swellings, when slightly

magnified.

The longitudinally linear projections of the large columns may be 10, 16, 20, or

24 in number ; but the first three numbers are the commonest. They in some instances

have a clear relation, at the base of the column, with some of the septa of the neigh-

bouring calices, and with the middle intercalicular linear projections ; but in other

instances this is not seen, and the columnar " costse " are independent.

One of the columns on the typical specimen is stunted, and clearly indicates by its

construction that it and all of them are aborted gemmations in which the calice has

been modified by the unusual growth of the wall and costse. Another column, broken

across, shows that the external longitudinal " costse " are really such, and are continuous

within with irregular septa and endotheca. Moreover the columella may be traced,

and it is to be recognized at the top in the line there.

The smaller pillars are miniature larger ones ; they cover less space, are usually

compressed, and terminate rather bluntly as the remains of an aborted calice, or as a

tip with an elongate columella.

The base of the coral, large, symmetrical, resting on its thin circular edge, has
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concentric rings of epitheca, and a vast number of subequal radiating costse, \yhose course

is often much broken by the circular layers of epitheca. The costal appearance is

produced by a broad rounded and often ornamented epithecate process, which covers

each small costa from the outside calices.

The central projection on top of the corallum consists of a mass of calices and

columns. The septa of the calices are not arranged in definite cycles.

The breadth of the base is 3| inches ; the height of the corallum to the base of

the projection is l^^j inch, and this eminence brings the height to i-^ inch.

The calices are -j^ to -^ inch and slightly more in diameter : and the large columns

may reach ^ inch in height ; their usual height is about ^ inch.

Locality. Jhirk, from the lowest fossiliferous bed, Eanikot group. Survey-number

n S.S.Q.'J 124-

Illustrations of the Species in Plate XII.

Fig. 1. The upper part of the corallum : natural size.

2. Part of the base : magnified.

3. A large pillar : magnified, side view.

4. A calice : magnified.

4ffl. Side view of a section.

5. The top of a column : magnified.

This remarkable coral is common, and always assumes the same shape. It is allied

to Stylocoenia macrostyla, Eeuss, from the strata near S. Giov. Ilarione, in the Bolca

and Montebello district of the Alps, and which is found with Cerithium giganteum and

Nummulites planulatus. The especial point of interest in the species is the gigantic

development of the small projections seen in some of the ordinary European Eocene

Styloccenioe.

Stylocoestia maxima, Duncan. Plate XII, Fig. 6.

A young specimen, with the same kind of base, calicular marginal lines, and septa

as the type, has only the usual upward enlargement of the calicular meeting-points.

Indications of a commencing central projection exist. It may be mistaken for Stylo-

coenia emarciata, Lamk. sp., of the European Eocene deposits.

Illustration in Plate XII.

Fig. 6. The corallum : natural size.

2. Styloccenia Vicaeyi, Haime. Plate XIII, Figs. 4-7.

This Stylocoenian was described by DArchiac & Haime in their great work,

' Les Animaux Fossiles du groupe Nummulitique de I'lnde,' and was figured by them
(plate xii, fig. 4, 4 h, p. 189). They notice the similarity of the species with those from

La Palarea in the European Nummulitic strata, and classify the form amongst the Sty-

locoenice with three cycles of septa, noticing that the primaries alone reach the columella,

which is rather large and cylindrical, that the secondaries do not reach the columella,

and that the tertiaries are rudimentary. They give the diameter of the calice as

1^ millim. They describe the corallum as thick and semiglobular ; and Haime and

Milne Edwards state it to be hemispherical.
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There is a fine specimen of a Styloccenian from Jhirk, in the Eanikot group, which

approaches the above description too closely to permit of its association with any other

species than Styloccenia Vicaryi. It is a large form, well developed, and is thick but

not hemispherical, for it is rather convex in one direction and long and flat in the other.

The intercalicular projections are small and mere elevations at the angles. The calices

are over 2 millimetres in breadth, and the columella is well developed and cylindrical.

The primary and secondary septa are equal and reach the columella, all being slender,

and not being much thicker at the margin, if at all, than at the columella ; and the ter-

tiaries reach midway towards the centre of the calice.

This increased size of the septa is a mere matter of growth. The endotheca is

scanty.

Locality. Jhirk, Eanikot group. Survey-number G 280
12 4a-

Illustrations of the Species in Plate XIII.

Fig. 4. Part of the corallum : natural size.

5. A worn calice : magnified.

6. Calices: magnified.

7. Diagram of the margin of the calices.

3. Styloccenia Eanikoti, Duncan. Plate XV, Figs. 6-9.

The corallum is large, the basal edge is circular, and the upper surface of the

corallum is symmetrical, rising gradually to a blunt point, and being covered with large

calices.

The base has an epitheca. The calices are more or less hexagonal, two sides being

smallest, or round or angular, and they are rather deep, and are separated by narrow,

sharp margins. The columella is exceedingly small in relation to the size of the calices,

and aborts occasionally, being replaced by an elongate mass ; it is situated deeply and

compressed. The septa are ten in number, distant, small, some often uniting before

they reach the columella ; they are subequal, and form but little of the calice. The

columns between the calices are small.

Breadth of corallum at base 2^^ inches ; height 1^0 inch.

Diameter of calices usually ^q inch and more.

Locality. Hills east of Lynyan, Eanikot group (Survey-number G fl^). a-nd Vihan

Hill (Survey-number G fff)

Illustrations of the Species in Plate XV.

Fig. 6. The corallum : magnified.

7. Calices : magnified slightly.

8. Calices : more highly magnified.

9. A side view of a septum : magnified.
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Suhfcmih/ ASTBJEIN^.

Genus MONTLIVALTIA.

Montlivaltia, M. Ed. Sf J. Eaime, op. cit. vol. ii. p. 296.

1 MoNTLiVALTiA Geanti, D'AfcMac & Eaime. Plate XI, Figs. 14-17.

The corallum is hemispherical when full-grown, flatter and convex without and

concave within when young. The calice, widely open and shallow, is slightly elliptical,

and the axial space is of the same shape. The septa are slightly exsert at the margin,

rounded, slightly granular, and usually long, straight, and often rise on the free

margin into several minute lobes, of which there is a crown around the axial space.

There are at least six cycles of septa which are close at the wall. The larger septa

are subequal, and there is a considerable number of them, but they are small in relation

to the size of the calice; they are subequal at the costal end, and largely granular

there. There is no columella.

The epitheca is granular, and is in strong transverse folds, the costse showing

between them, and it reaches very close to the margin.

The base is very slightly flattened in old forms, as if by pressure ; but it is rounded

in the young, in which the costse do not show through the perfect epitheca.

In the young forms the calice is deeper and there are fewer septa, but still they

are numerous.

The costae in the fully-developed forms are subequal, project but slightly, are close,'

and have much exotheca between them. They are in little groups of longitudinal

convex fluting in the old forms, and each group consists of two large costse and three

intermediate ones between them.

Height of corallum : large, 1 j^ inch ; small, ^q inch.

Length of calice : large, 2-j% inches ; small, I-^q inch.

Locality. Hills east of Lynyan, Eanikot group. Survey-number Xjf ^^*.

Illustrations of the Species in Plate XI.

Fig. 14. Large corallum : natural size.

15. The septa (part of) : magnified slightly.

16. The costse and epitheca : magnified.

17. Small corallum : natural size.

This species was described and delineated by MM. DArchiac and Jules Haime
in their work, which has already been quoted ; and the specimens from Lynyan ao-ree in

their structures with the specific distinctions given. The type figured by them is a
more feebly grown individual than the larger form described above. In the lobed

character of the septal ends there is much similarity to the genus Antillia, Duncan;
but there does not appear to be a columella, which structure peculiarizes this genus.
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2. MoNTLivALTU Ltnyani, Duncau. Plate XVI, Figs. 1, 2.

The corallum is very large, cylindro-turbinate, rounded and turbinate below at the

base, and cylindrical, with salient angles, above.

The calice is irregular in outline, widely open, and not deep. The margin is thin,

and there is a raised ridge of paliform septal lobes around the axial space. The septa

are close, not very stout, and there are nearly six cycles of them. The costse are sub-

equal, or alternately large and small, sharply granular at the free edge, and rather

distant. The epitheca is well developed as a layer, which is granular on its surface,

and as bands between which the costse are visible. The endotheca and exotheca are

abundant.

The height of the coral is 3 inches. The breadth of the calice is rather over

2 inches.

Locality. Three miles west of Lynyan, in the Ranikot group. Survey-number

G2 80
12 6»-

Illustrations of the Species in Plate XVI.

Fig. 1. The corallum, side view.

2. Some of the costse and epitheca : magnified.

The paliform endings of the septa, so remarkable in the last species, occur in this one.

3. MoNTLiVALTiA RAisriEOTi, Duncan. Plate III, Figs. 12-14.

The corallum is short, irregularly elliptical, large and widely open above, and

almost hemispherical and slightly pointed beneath. The height is about equal to one

half of the width of the smaller diameter of the calice.

The calicular margin is broad ; the axial space is elliptical, small, restricted, and

deep, and the space between it and the margin is moderately deep. There are

76 septa, and the fifth cycle is incomplete in some systems. The septa are stoutest

at the margin, where they are slightly exsert ; they are thin, slightly and largely

granular at the sides, slightly arched and faintly notched at their free margin, long,

distinct, and not crowded. They reach or extend towards the axial space according

to their orders ; the primaries reach it, and the secondaries also in some instances ; the

secondaries and tertiaries are a little remote from it, and those of the higher orders

are still more so. There is frequently an approach, near the axial space, of two smaller

septa towards the larger one between them, and they come in greater or less contact.

The axial space is deep, and is bounded by the curved inner septal edges, and there is

no columella. The costse correspond to the septa, are alternately large and small, and

are distinctly yet feebly developed ; they project with greater distinctness at some

part than at others.

The endotheca is very scanty.

An epitheca, without ornamentation and more or less pellicular, exists, closely

covering the costse and intercostal spaces, but the irregular projections of the costse mark

it. The base is small, semipedunculate, and free.

Height of the corallum -^ inch.

Breadth of calice about -yq inch.

f2
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Locality. Jhirk, from lowest fossiliferous beds of the Eanikot group. Survey

number G f|f„.

Illustrations of the Species in Plate III.

Fig. 12. The coral : natural size.

13. The calice : magnified.

14. The costse : magnified.

Genus FEDDENIA, Ihmcan.

The corallum is simple, free, with an irregular-shaped base^ which has enclosed a

foreign body. The epitheca is granular, and occasionally like broken mosaic. The

costee may or may not be universally visible, and are continued to the base, but not

invariably to the peduncle. The calice, usually constricted, is crowded with unitiag

septa, ending in paliform lobes ; it is without columella. The endotheca is scanty,

but the granules of the septa unite here and there as false synapticulse.

1. Feddenia ttpica, Duncan. Plate XI, Figs. 1-3.

The corallum is free, compressed, and Phrygian-cap-shaped, and the projecting

part of the base is marked with the openings for the shell it surrounded. The

calice is oval, deep, with a faintly irregular margin and a small elongate axial space,

which is bounded by the paliform ends of the largest septal groups, which are ten in

number. There is no columella. At the margin, the costal edge is festooned, two

projecting costse ending in a large septum, and having seven between them. The pro-

jecting costo-septa have, on either side, a minute septum of a high order, which is taller

than the others. There are five cycles of septa ; and the larger lamiuse are thick, often

much curved, and have protecting granules and ridges. The next in size project less, and

are also curved ; whilst the smallest septa are largely granular, and unite by their

granules with the others, besides uniting laterally with a larger_septum. The paliform

ends are wavy, broken-looking, and broad.

The costse are subequal and exist near the calice, the larger, with the two lateral

costse, forming prominences for some little distance straight down the outside. Else-

where they are covered with the epitheca.

Height of corallum ^ inch.

Length of calice ^ inch.

Locality. Three miles west of Lynyan, Eanikot series. Survey-number G -rle*-

Illustrations of the Species in Plate XI.

Fig. 1. Side view of the corallum : natural size.

2. The calice (part of) : magnified.

3. The costse and epitheca : magnified.

Feddenia ttpica, Bwncan. Variety 1. Plate XI, Figs. 4, 5.

In this variety the same general shape of the corallum exists. The septa are

larger and very largely granular. The costse are large near the calice, which is ellip-
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tical and contracted. The false synapticulae are large. The epitheca is granular.

From the same locality as the type.

Illustrations of var. 1 in Plate XI.

Fig. 4. The septa : magnified,

6. The granules on a septum : magnified.

Feddenia ttpica, Duncan. Variety 2. Plate XI, Figs. 6, 7.

This variety is from the same locality as the type. The corallum is taller, and

still retains the general shape. The costse are very granular, and the granules merge

into those of the epitheca near the calice. Elsewhere the epitheca is minutely granular.

The higher orders of septa are not so decidedly higher than the others on the side of

the larger septa. The costse are very wavy on the side where they coalesce.

Illustrations of var. 2 in Plate XI.

Fig. 6. The corallum : natural size.

7. Costse and septa : magnified.

2. Feddenia ceistata, Duncan. Plate XI, Fig. 8.

The corallum is free, tall, very compressed, with a small rounded base, which

curves up to a keel-like crest that reaches the calice at one of the ends of the elliptical

margin ; a corresponding but smaller keel exists at the opposite end, and passes straight

down to the base, which is gently curved sideways.

The calice is contracted, shallow, elliptical, and crowded with septa, the larger

reaching into the small axial space. There are four cycles of septa, which are not very

granular, and which have the generic distribution. The costse project in sets, which

become more prominent near the curved end of the corallum at the calice, until the

terminal form a decided ridge or keel. Lower down, the costse become covered with

the broken-looking epitheca ; but they are still visible and subequal. Some pass

straight down from the calice, and others, after a space, take on an oblique course,

which gives a regularly wavy appearance to the sides of the corallum. The base has

enclosed an organism, and the costse have followed the growth of the enclosing structure

rather than that of the narrow peduncle-like end.

Height of corallum 2^ inch.

Breadth of calice -^ inch ; length of calice l-j^o inch.

Locality. East of Kandaira, Eanikot group. Survey-number G fff.

Illustration of the Species in Plate XI.

Fig. 8. Side view of the corallum : natural size.

3. Feddenia elongata, Duncan. Plate IV, Figs, 8-10.

The corallum is tall, rather compressed, and the base is curved and flattened



38 THE FOSSIL CORALS AND

beneath. The costse, distinct near the calice, either merge into a broken mosaic-like

epitheca or pass straight downwards with gentle undulations, so as to reach the lower

end, but not the curved base. The costse are in sets at the margin, three small being

between two large ; they are well developed, slightly projecting, granular, united by

exotheca, and the largest order is not invariably taller than the others. The calice

is elliptical, contracted, shallow, and the septa corresponding with the larger costae

pass in towards the small axis. The transverse section below the calice indicates that

the septa are not very granular, that they have few false sympliculse, and that there

is a false columella, produced by trabeculse from the septal ends. There are five cycles

of septa, a few orders of the sixth.

Height of corallum 2 inches.

Length of calice l^g inch ; breadth of calice -^ inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G jj%*.

Illustrations of the Species in Plate IV.

Fig. 8. Side view of the coral.

9. The costse: magnified.

10. A transverse section of the coral : magnified.

Genus PLOCOPHYLLIA, Beuss.

1. Plocophtllia Sindiana, Duncan. Plate XIII, Figs. 1-3.

This species is founded on a small massive corallum, with a few extremely large

corallites, separate above, short, and presenting some Heliastrsean peculiarities. There are

no Nummulites about the specimen ; and I have doubts, from its mineralization, whether

it really came from Jhirk : it looks more recent than the others from that spot.

The corallum is broad above, small below, short, and massive. All the calices are

large, deep centrally, but shallow and expanded at the margins, which are oval or irregular

in outline. The costse are distinct above, project slightly, are unequal, and those of

one calice do not pass over to others. Possibly there are 144 or more subequal septa

in the calices ; they are thin, crowded, faintly dentate at the free edge, and a consider-

able number reach the large papillose columella, which is situated deeply. There

does not appear to have been any epitheca.

The diameter of a calice is l-j^ inch. Depth of fossula -^ inch.

Locality. Jhirk C?), Eanikot group. Survey-number G xffa-

Illustrations of the Species in Plate XIII.

Fig. 1. The corallum : natural size.

2. The costae : magnified.

3. A septal edge : magnified.

This species has the appearance of a short Plocophyllia, of the Plocophyllia-

gregaria, Eeuss, type from S. Giov. Ilarione.
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2. Plocophtllia flabellata, Eeuss. Plate XVI, Figs. 5, 6.

A little stem of this coral, with a compressed calice and visible costae, slightly com-

pressed sides, and a scar of former adhesion, was found in the hills east of Lynyan.

It resembles a young Plocophyllia of the group flabellata ; and I refer the specimen

to that species, which my late friend the illustrious A. E. Eeuss described from

Monte di Carlotta, in the San Giovanni Ilarione district (' Pal. Stud, iiber die alteren

Tertiarschichten der Alpen,' iii. Abtheil. p. 30).

Locality. Hills east of Lynyan, in the Eanikot group. Survey-number G f-|f.

Illustrations of the Sjpecies in Plate XVI.

Fig. 5. Side view of the corallum: natural size.

6. The costae : magnified.

Subfamily LITHOPHTLLIAOE^ MEANDBOIDE^.

Genus DIPLOEIA.

Diploria, M. Ed. ^ JS. op. cit. vol. ii. p. 401.

1. DiPLOEiA rLEXUOSissiMA, BAch. Plate VI, Figs. 11, 12.

Diploria flexuosissima, D'Aoh. Oorall. foss. del terr. numm. delle Alpi venete, ii. p. 26, tab. xii. fig. 4;

Rev,ss, Anthoz. von S. Giovanni Ilarione, p. 11, pi. xxxix. figs. 1, 2.

The corallum is irregular in shape, generally flat and cake-shaped, and is rather

gibbous on the upper surface. The series are very gyrose, and the interserial portion

is about as broad as the serial, and is on rather a lower level. The series are narrow,

and the septa are numerous, alternately large and small, the larger having a swelling

parallel with the axial space, sometimes rising in a small lobe. There are about

40 septa in half an inch. The small septa may be rudimentary, and are then con-

tinued outwards as minute costae, and the larger, which are stout, end in the principal

costse.

The columella is continuous, thin, and distinct. The endotheca is very well deve-

loped and close.

The length of the corallum is about J inch ; the breadth of a series and one inter-

series is Yo inch.

Locality. Jhirk, Eanikot group. Survey-number G ff^a-

Illustrations of the Species in Plate VI.

Fig. 11. Upper surface of the corallum.

12. A portion of a calicular series : magnified.

Genus LEPTOEIA.

Leptoria, M. Ed. ^ J. H. op. cit. toI. ii. p. 405.

1. Leptoeia htdnophokoidea, Duncan. Plate VIII, Figs. 1, 2.

The corallum is hemispherical, and is placed on a large elliptical base, with
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rounded-off edges and a slightly concave central part, marked witli concentric ridges.

The upper surface of the corallum slopes for a short distance from the base, and is then

broken up into many series, some of which are long and others very short, some being

straight and others curved. The calices are perfectly indistinct, and the costae of

the coUines and monticules are alternately large and small, slightly projecting, and

in number about ten large ones and as many small in half an inch. They pass up-

wards from considerable depths, and form, with those of the neighbouring series, thick

nodular, and long and short, broad and narrow coUines, with a rather sharp or a nodular

summit. The valleys are very deep, reaching down from -j^ inch to 1 inch ; and the

septa are granular at the edge, project but slightly, have some endotheca between

them, come close together along the floor of the series, and have a projection there.

There is a distinct thin lamellate columella, which is very continuous. The costse

of the base cover its upper sloping portion, and are seen around the edge ; they are

small, subequal, slightly prominent, and have exotheca regularly placed concentrically

between them. There are traces of an epitheca.

Height of the corallum 2^% inches. Length of base 3^ inches.

Breadth of base 3^^ inches. Length of longest coUine 1J inch ; of the shortest
2 -•.

To-^ inch.

380
127'Locality. Hills east of Lynyan, Eanikot group. Survey-number G

Illustrations of the Species in Plate VHI,

Fig. 1. The corallum : natural size.

2. A series : magnified.

Subfamily ASTB^AGE^.

Genus STEPHANQCCENIA, M. Ed. 8r J. K, amended.

(Shown to have incised and ragged septal edgings.)

1 . STEPHANOCffiNiA MiCKOTUBERCULATA, Buncan. Plate XV, Figs. 14-16.

The corallum is large, rather flat, slightly irregular on its calicular surface, and
incrusts.

The calices are irregular in shape, although regular in size, and are in hexagons
pentagons, or are indefinitely square and circular ; they are shallow, open, and are sepa-

rated by stout, equal margins, which are minutely granular and marked vsdth enlarged

septo-costal swellings. The septa are delicate, rather large near the wall, then thin

and finally expand near the axial space to unite and form a kind of paliform collar

around the extremely small, tubercular-looking, essential columella. There are twelve
larger septa, which reach the axis, or one or two may occasionally join others before

doing so. Twelve smaller septa, often very small, intervene ; and thus there are three

cycles, the primaries and secondaries being nearly or quite equal. The axial part
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occupies much of the fossa of the calice, and in worn specimens especially. The .minute

columella aborts frequently, or is lost in fossilization, being rarely perfectly preserved.

Sometimes there is the trace of a groove between the calicos.

Height of corallum yo ^^^^ '> length many inches. Length of calices rather under

j^ inch.

Locality. Jhirk, Eanikot group. Survey-number G
-f-

80
2 4a"

Illustrations of the Species in Plate XV.

Fig. 14. A part of the corallum.

15. Calices : magnified.

16. A calice vpith an aborted columella : magnified.

Genus ASTROCCENIA, M. Ed. ^ J. H., amended.

1. AsTEOccEDiA BLAifFOEDi, Duncan. Plate XV, Figs. 1-5.

There are some very remarkable corals in the Eanikot group of the Sind Tertiaries

belonging to the genus Astrocoenia, vs^hich are circular at their concave and epithecate

base, and which are produced upwards in the shape of a stump or stalk; others

have a convex upper surface, and some are intermediate. The calices in all are

large, and the septal number is ten, any addition being rare and, in fact, doubtful.

The growth of the corals is at the circular edge of the corallum ; but every now and

then a bud is formed on the united margins of three or four calices. In some there

is a disposition to show the Styloccenian peculiarity; but it is a matter of normal

growth, and not of the development of aborted buds with costse on them. The

stalk is the remains of the young coral, which has grown more in height than in basal

breadth.

The type of this little group of the genus is- Astrocoenia Blanfordi, and the follow

ing is the description :

—

The corallum is large, circular at the base-edge, where it is thin and crowded with

small calices ; the upper surface of the corallum slants upwards and inwards without

greatly increasing the thickness until the " stalk " is reached, and this is cylindro-conical

and slightly bent. All the upper surface and the stalk are covered with subequal hexa-

gonal, rounded, and irregular-shaped calices. The base is concave, and has a dense

epitheca showing circular folds, ridges, and depressions, the costse being barely visible.

The calices, when hexagonal, have four sides larger than the other two, and are not

deep. The intercalicular space is narrow, and has on it a wavy ridge, on which the

septa of neighbouring calices sometimes unite.

The columella is small, free above, styloid, and sometimes elongate in the direction

of the long axis of the calices, but usually it is nearly circular in outline.

The septa are ten in number, nearly equal, small, slightly toothed, narrow, and

wide apart ; they are not exsert, but dip down at once into the calice, not filling it

much ; and two often unite before reaching the columella. All the others reach the

columella, which in some calices has a kind of swelling or collar, just above the septal

G
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junction. In one specimen there is a single large calice, in the midst of others of the

usual kind, which has twenty septa; but it appears that, ten of them reach the colu-

mella fairly, the rest joining others close to it. Nevertheless the presence of rudimen-

tary septa between the usual ten, in ordinary calices, is not noticed.

The width of the base is 2^% inches ; the height of the corallum is 1^ inch, and that

of the corallum from the margin* to the base of the stalk is yo inch.

The calices differ in size, but seven of them are included in 1 inch of length.

The solitary large calices are t% inch long and very shallow.

Locality. Three miles west of Lynyap, Eanikot group. Survey-number G f|f* .

Illustrations, of the Species m Plate Xy.

Fig. 1. The corallum : natural size, side view.

2. The corallum from above.

3. The base, part of: slightly magnified.

4. Calices: magnified.

5. Side view of a dentate septum : magnified.

AsTEoccENiA Blanfordi, JDuucan.. Variety.,

This variety has only a short stump instead «f a stalk ; and the calices^ hexagonal

as a rule, are elongate radially, and the short sides are therefore internal and external.

It is from the same locality as the type.

2. AsTROCCENiA CBLLULATA, Ihmcan, Plate XIV,. Fig, 7.

The corallum is circular in outline, and is. short, being very slightly convex above,

and furnished with a complete epitheca with concentric folds below. No costse are

visible.

The calicular surface is crowded with small calices, which are shallow and pen-

tagonal, hexagonal, or deformed in outline. A raised margin separates the calices,

whose septa arise from it, and there is a ledge ofendotheca, resembling an inner margin,

one third or midway between the calicular marginal edge and the columella. There

are usually ten distant, thin septa, which pass from the margin over the ledge to

the small, rather compressed, styloid columella. In a few calices a rudimentary septum

exists, here and there, between the others.

Length of corallum not quite an inch; height, extreme, j^ inch. Breadth of

calices yr to -5^ inch.

Locality. Jhirk, in the Eanikot group. Survey-number G xlfa-

Illustration of the Species in Plate XIV.
Fig. 7. Calices : magnified.

3. AsTROCCENiA NANAj Bcuss. Plate XV, Figs. 10, 11.

A specimen of a small-caliced Astroccenian, smaller than the type from Monte

delle Carrioli described by my lamented J&iend A. E. Eeuss (in his ' Palaontologische

Studien iiber die alteren Tertiarschichten der Alpen,' pt. 1, 1868, p. 40, Vienna), is a
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considerable block of massive coral covering many inches of surface and some of

height."

The calicular surface is plane or slightly undulating, and the calicos are close

together, small (^ inch), and the columella is distinct, rather large, and is met by eight

equal septa. These have a paliform enlargement a little remote from the columella ;

and there are eight minute spinose-looking intermediate septa.

Locality, Jhirk, Eanikot group. Survey-number Gf|-|a-

Illustrations of the Species in Plate XV.
Fig. 10. A piece of the corallum.

11. Calices: magnified.

4. AsTEOCCENiA GiBBOSA, Dimcan. Plate XII, Figs. 7-10.

The corallum is massive, concave beneath, where it covered "shells and other foreign

substances, and gibbous and rising centrally in a nodular form above ; it is thick, and

the crovrded corallites are tall.

The calices are circular and rarely polygonal, are separated by granular coenen-

chyma, or by a ridge, or they may be close and without any intermediate ccenenchyma,

according to the growth. A subreticulate appearance is sometimes produced by the

prolongation of the short costse reaching the intercalicular ridge.

There are eight septa, which are subequal, with a convex and arched outline where

free above ; they are stout near the margin and smaller at the columella. No other

septa are seen, except in very rare instances, and their existence is exceptional. A costa

frequently exists between those of the septa.

The columella is stout, styliforra, prominent and rounded above, and it is furnished,

as it were, with a collar at the place where the septa join it.

Very small calices have the eight septa.

The endotheca is largely developed and is close.

Breadth of the corallum 3 inches and more ; height 2 inches.

Where the intercalicular tissue is well developed there are about five calices and

their intermediate tissue in J an inch of length ; but when the calices are close there

are about eight in the same space.

Locality. Jhirk, in the Eanikot group. Survey-number G fffa.

Illustrations of the Species in Plate XII.

Fig. 7. The corallum.

8 & 9. Calices with intermediate tissue : magnified.

10. Side view of a septum : magnified.

5. ASTROCCENIA KAMOSA, Sowcrhy, variety minor. Plate XII, Figs. 11, 12,

Some portions of small broken branchlets, with the usual tuberose outlines of the

West-Indian varieties of the type, are found in the Eanikot group of strata south-west

of Jhirk.

The specimens vary from the type in having smaller calices, the calicular margin

a2
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of one calice being separated by a furrow from its neighbour and preserving a circular

outline, and the branches are very small. As is common in the type, there are eight

primary septa which reach the columella, even in corallites just budded, and eight small

ones. The costse on the flat wall are nearly equal. The columella is large.

The calices are usually -3^ inch broad.

This species has varieties in the Eocene of St. Bartholomew in the West Indies

(P. M. Duncan, Quart. Journ. Geol. Soc. 1873, vol, xxix. p. 554); and the type is a

Cretaceous form from Gosau.

The Astroccenia nana of Eeuss, from the Eocene in the older Alpine Tertiaries, is

the nearest ally to the form ; but it has no intermediate area between its calices, and

it is massive and not ramose.

Locality. South-west of Jhirk, Ranikot group. Survey-number G f-|f.

Illustrations of the Variety in Plate XII,

Fig. 11, The corallum.

12. Calices: magnified.

Genus ISASTEiEA.

Isastraea, M. Ed. Sf J. H. op. cit. vol. ii. p. 526.

1. IsastrjEA punctata, Duncan. Plate XVIII, Figs. 10-13.

The corallum is very short, and has an epithecate concave base, circular in outline,

and marked with growth-rings. The calicular surface is slightly convex ; the calices are

small, crowded, hexagonal, and shallow. There are twenty-four septa, which are sub-

equal, and their worn spines give a punctate appearance to them.

Height of corallum -^g- inch ; breadth ^q inch. The calices are about two in j^ inch.

Locality. Eanikot group, hilly ground N.E. by E. of Petiani. Survey-number

135-

Illustrations of the Species in Plate XVIII.

Fig. 10. The corallum from above : natural size.

11. The base : natural size.

12. Calices : magnified.

13. Side view of the corallum.

Genus ASTE^A.

Astrsea, M. Ed. Sf J. H. op. cit. vol. ii. p. 506 (Siderastroea, Blainv.).

1. AsTEiEA MoRLOTi, Iteuss (small variety). Plates VII, Figs. 15, 16.

Eeuss described a massive Astrcea from Oberburg, in Steiermark, in one of his

celebrated essays on the Upper Eccene Coral-faunas of continental Europe ; and a form
from the Eanikot group must be associated with it, as a variety with smaller calices and
from 24-30 septa. (Eeuss, "Die fossilen Foraminiferen, Anthozoen, &c. von Oberburg,"
Denkschriften der kaiserlichen Akad. der Wissenschaften in Wien, 1864, p. 23 : Astrcea

Morloti, plate 6. fig. 1.)
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In the Sindian specimen the upper surface of the corallum is flat and covered with

calices about yq inch broad. The septa are crowded ; many reach the papillary costse

or have a palus before them; some, in rare instances, enter neighbouring calices.

The fossa is shallow, and the calicular margins are rather flat.

Locality . Three miles south-west of Jhirk, Eanikot series. Survey-number G |-|t-

Illustrations of the Species in Plate VII.

Fig. 15. The corallum : natural size.

16. Some calices : magnified.

Genus PIRONASTR^A.

Pironastrsea, D'Aehiardi, Coralli eocen. di Friuli (Pisa, 1875).

1. PmoNASTEJEA IiSTDiCA, Duncan. Plate VII, Figs. 17-19.

The corallum is thin, flat, discoid, and the calices are in concentric series, each series

being represented by a slight swelling or outline which usually is marked by costse. The

calices are distinct as a rule, but sometimes are slightly confused ; they are small, and

the septo-costse join frequently before reaching the empty axial space. The costse are

subequal, bifurcate, and trifurcate, or are straight for some little distance. The septa

are also subequal and small. Eight or nine septa reach the axial space, and twenty-

four or more costo-septa enter into the calicular system. There is no columella. The

base is ringed with depressions and elevations, and is marked with very fine circular

costal strise. The epitheca exists, and synapticulse are numerous between the costse

inferiorly.

Breadth of corallum (originally) 2^ inches ; thickness xo to ^ inch.

Locality. South-west of Jhirk, Eanikot group. Survey-number G ff |.

Illustrations of the Species in Plate VII.

Fig. 17. The corallum.

18. Calices : magnified.

19. The base of the corallum : nat. size. Outline restored.

The genus is represented by a discoid form, closely allied to Pironastroea Indica,

in the middle series of the Eocene of Friuli, where other Sindian species have been

discovered by D'Aehiardi.

Genus EEUSSASTEJEA, D'Aehiardi.

Prof. Antonio DAchiardi founded the genus Beussastrcea in memory of the

late illustrious zoophytologist, A. E. Eeuss. It includes Thamnastrceidce with a

lamellar columella. (' Coralli eocenici del Friuli,' Pisa, 1875, p. 67.)

1. Eeussaste^a geandis, Duncan. Plate X, Figs. 1-4.

The corallum is very large, thin, very short, rather irregular on the surface, sharp

at the edges, and covered with calices and costse above, and presenting costse on the

base, with slight evidence of epitheca.
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The calices are circumscribed, unequal in size, various in shape, and very irregular

in their distance. The septa are few in number, alternately large and much smaller ; or

they are in sets of fours, one septum being the largest, and the central of the three

others is larger than those at its sides. The septa unite much close to the columellary

space, and some are thick there. The columella is formed by the union of the septa,

and where perfectly preserved is short and lamellar ; but the lamina forming its top is

rarely preserved. The septa reaching the axial space may be 12, 16, 18, 21, and

rarely more in number. The cost* are alternately large and much smaller, and are

separated by distinct and deep spaces with exotheca; they are often very long, are

usually wavy in their course, and in some places curve much and enclose a larger

or smaller one. They are granular at the sides and edges, in well-preserved parts.

The base of the coral is thin externally and stout where it probably rested ; and

the costse are long, straight, and unequal. Probably this genus will be included in

the Fungidse.

The length of the calices is about yo inch.

Locality. South-west of Jhirk, Eanikot group. Survey-number G fff

.

Illustrations of the Species in Plate X.

Fig. 1. A calice: magnified.

2. Calices : magnified.

3. Costae from the upper surface: magnified.

4. Costse on the base : magnified.

Family FUNGIB^.

Subfamily LOPHOSEBINM, M. Ed. ^ Eaime, op. at. vol. iii. p. 35.

Genus PACHYSERIS.
Pachyseris, M. Ed. S{ Eaime, op. cit. vol. iii. p. 85.

1. Pachyseris MuECHisoiiri, B'Archiac & Eaime. Plate XIV, Figs. 3, 4.

The generic and specific characters of this coral, given in the work on ' Les Ani-
maux Fossiles de I'lnde,' are seen in some specimens, which unfortunately are rather

worn and over-weathered. In addition, it is shown from their consideration that the
corallum is large, massive, flat, and not very thick. The series are numerous, not much
gyrose, but bifurcating and short. Some calices are limited. The coUines are flat at

the top and granular ; the side slopes with the opposite one of the same coUine, form-
ing a large angle. The series are not deep ; there is a false columella ; and the septa,

alternately large and small, are visible, not very crowded, and about 16 to 20 are

found in rather less than half an inch. The synapticulse are few and well marked.
The corallum is many inches long and about an inch in height.

Locality. Jhirk, Eanikot group. Survey-number G f4f„.

Illustrations of the Species in Plate XIV.

Fig. 3. The upper surface of the corallum.

4. A series : magnified.



ALCYONARIA OF SIND. 47

Genus TROCHOSEEIS.
Trochoseris, M. Ed. 6f Haime, op. cit. vol. iii. p. 57.

1. Teochoseeis difpoemis, JReuss. Plate XI, Figs. 9,10.

The corallum is irregularly conical, and expanded at the calicular margin, which

is more or less lobed and stout. The corallum is free, and is covered with a dense

epitheca, through which few costse are seen.

The calice, irregular in shape, is elliptical on the whole, shallow, expanded, and

with a long and deep axial space. The columella is rudimentary. The septa are

exceedingly numerous and very unequal ; the smaller series are very frequent, and addi-

tional septa of a higher order reach down by the sides of the three, which finally join

and are ended by a palus. The septa are nearly or quite 400 in number. The synap-

ticulse are very numerous, and there are bands of endotheca stretching from one

series of septa to others. The septa are slightly granular.

Height of corallum lyt) inch.

Length of calice 1^ inch.

Locality. Jhirk, Eanikot group. Survey-number G -f-f-ja-

This species was described by Re uss from Zovencedo and Monte Grumi in the

Castel-Gomberto district; and the Sind form resembles it, except in the depth of its

calice (Reuss, "Palaont. Studien iiber die alt. Tertiarschichten der Alpen," Denkschr.

der kaiserlichen Akad. der Wissenschaften in Wien, Abth. i. pp. 6, 50, iii. p. 25).

Illustrations of the Species in Plate XI.

Fig. 9. Corallum : natural size.

10. Septa: magnified.

Genus CYATHOSERIS.

Cyathoseris, M. Ed. Sf H. op. cit. vol. iii. p. 59.

1. Ctathosbeis oeientalis, Duncan. Plate VI, Figs. 7-10.

The corallum is large and short, and expands suddenly from a short, irregular

pedicel ; and the upper surface is slightly convex, more or less circular in outline, and

has lobed edges, which are thin.

The calices, indistinct in their limits, are large, widely open, shallow, and are united

laterally by a linear common wall, over which the septa unite ; they form rounded lobes

at the edge of the coraUum. The septa are numerous, and are alternately large and

very small ; some are long, and others slightly shorter and prominent, and all rather

depressed. They frequently curve laterally, and the larger have a paliform lobe ; and

although all are thin, the larger become stouter near the axial space. In a rounded

calicular edge, -^q inch across, there are 48 septa. The septa are profusely granular,

and here and there the granules develop into synapticulse, which are best seen in longi-

tudinal sections.

The columella is small and trabecular. The underpart of the corallum is
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striated with costal markings on a rather undulating surface ; they are subequal, small,

regular, and usually alternately large and a little smaller, especially near the margin ;

but nearer the pedicel the striae are nearly equal.

Height of corallum If inch ; breadth of upper surface 4| inches.

Breadth of the largest calice l^g inch.

Locality. Jhirk, Eanikot group. Survey-number G ^^a-

Illustrations of the Species in Plate VI.

Fig. 7. Side view of the corallum : natural size.

8. Septa, magnified, showing synapticulse.

9, Junction of septa on a colline.

10. Costal striee of underpart : magnified.

ELLIPTOSERIS, gen. nov.

The corallum is simple, conical, compressed, with a largely open, elliptical calice.

There are costse, but no epitheca; there is no columella, but an elongate and deep axial

space. The septa are numerous, and the smaller join those between them near the axial

space. There are pali before the joined septa. Synapticulse are numerous in the calice.

1. Elliptoseeis apeeta, Duncan. Plate VIII, Figs. 3-6.

The narrow peduncle presents traces of rupture from a former attachment. The

costse pass up the conical and rapidly expanding body to the calicular margin, and are

small, close, granular, and subequal.

The calice is very widely open, and is slightly convex from the axial space to the

margins. The septa are very numerous, close, crowded, and unequal ; the larger are

thickest from the centre of the calice to the axial space, which they bound with per-

pendicular edges ; they are thin externally and distinctly granular. There are many

smaller septa, which are thickest at the margin, and become very thin near the axis,

where they are joined laterally by still smaller ones ; after the junction, a palus, in the

form of a rounded lobe, exists before them. Occasionally minute pali are found on

the smallest septa. There are about 248 septa, and they are arranged in multitudes of

sets of three small between two larger ones, a rudimentary septum existing also at the

margin. The synapticulse are small and frequent.

Height of corallum -^q inch.

Length of calice l^^- inch ; breadth of calice I-j^q inch,

Locality. Jhirk, Eanikot group. Survey-number G ff^^.

Illustrations of the Species in Plate VIII.

Fig. 3. The corallum : natural size.

4. Septa and pali : magnified.

5 & 6. Septa: magnified.
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Genus TUEBINOSEEIS.

Turbinoseris, Duncan, Quart. Journ. Oeol. Soc. 1873, vol. xxix. p. 558.

1. TuEBiNOSEEis Rakikoti, Buncan. Plate VII, Figs. 10, 11.

The corallum is conical, compressed, and has a curved, rounded pedicel, with a scar

of former adhesion.

The calice is elliptical, with a sharp margin, a very deep fossa, an elongate axial

space, and very numerous, close, unequal, non-exsert septa. The larger septa are stout

and reach the axial space, which they bound with their perpendicular inner margins

;

the next in size also reach the axial space ; others, large, do not pass in thus far

;

and between the larger septa are three small and close ones, which sometimes reach

halfway into the calice. The number of the series of these septa thus bounded is

great ; and altogether there are about 288 septa, and they are finely granular on the

sides, rounded and minutely granular above. The exceedingly close, small septa at the

margin are connected by synapticulse.

The costse are very numerous, corresponding to the large and small septa ; but they

are subequal, small, slightly prominent and separate, and are minutely granular near

the calice. Lower down they are closer, less projecting, less numerous, often wavy and

granular, and they may be represented by rows of granules ; near the curved pedicel,

and on it, they are more distinctly large and small, much fewer in number, and less

distinct. The epitheca exists as ridges and as indefinite structure, in which the costse

are faintly seen. Synapticulse are exceedingly common between the costse. There is

no columella.

Height of corallum 1-^ inch.

Length of calice 2 inches.

Locality. Hills east of Lynyan, Eanikot group. Survey-number G fff

.

Illustrations of the Species in Plate VII.

Fig. 10. The corallum : natural size.

11. The costse : magnified.

2. TuRBiNOSEEis BPiTHECATA, Duncau. Plate VII, Figs. 8, 9.

The corallum is short, trochoid, compressed, with an incurved, small pedicel.

The calice is widely open, elliptical, and slightly irregular in its margins, at the sides,

where it is sharp and not rounded off. The septa are in six cycles, and are slender and

alternately large and small ; usually there are three smaller between two larger septa ;

they are often rather wavy, very exsert, and there are extremely numerous synapticulse.

The costse are only visible close to the calicular margin, and for a short distance,

perhaps xsj- iiich ; and they merge into a dense, granular, broken-up-looking epitheca,

which covers all the rest of the corallum, having here and there indications of

costal striae.

Height of corallum 1% ^^^^i-

n
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Length of calice l^g inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G fa^*-

niustrations of the Species in Plate VII.

Fig. 8. Part of the epitheca: magnified.

9. Septa : magnified.

A variety of this type has a larger corallum, nipped in at the sides, and with a

nearly rounded-off base, with barely a vestige of a peduncle. The costal lines are

visible, underlying the epitheca, or more or liess uncovered by it.

It is from the same locality.

3. TuKBiNOSERis Haimei, Dwncan. Plate VII, Figs. 4-7.

The corallum is simple, short, conical, turbinate, compressed, and has a mi^ch-bent

and incurved pedicel. The calicular surface is long, elliptical, slightly reentering at

one spot, and on an even plane. The margin is rounded ; the axial fossa is long and

deep, and the septa dip down into it.

The septa are numerous, close but not crowded, slightly exsert (especially the

larger), and alternately large and small. There are numerous arrangements of eight

septa, one being large and long, an intermediate shorter, two others are on either side,

less large and long, and there are four small and short intermediate laminse. There are

six cycles of septa.

. There is no columella, and the synapticulse are rather numerous. The costse are

markedly alternately large and small, prominent and low, and they are so over the

whole of the inferior portion as well as above.

The direction of the costse is peculiar : on the surface opposed to the curvature

of the pedicel they are parallel, and reach in right lines fi:om the calicular margin to

the pedicel, converging gradually and diminishing in number; but the costse of the

sides of the coral do not converge to the pedicel, they pass obliquely backwards and join

the outer costse of the portion just mentioned along a broad line. The costse are most

prominent near the margin; a few synapticulse exist between them. There is no

epitheca.

Length of the calice 1^^ inch ; breadth of the calice 1 inch.

Height of the coral -^ inch.

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G f|-ff

Illustrations of the Species in Plate VII.

Fig. 4. The corallum, natural size, in outline.

5. Side view.

6. The septa: magnified.

7. The junction of the costse : magnified.

4. TuRBiNOSBEis Indica, Duncan. Plate VII, Figs. 1-3.

The corallum is simple, short, conical, slightly curved, and pedicellate below, and
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largely expanded at the elliptical shallow calice, which has a waved margin. The pedicel

broadens out rapidly, and is slightly bent in the plane of the minor axis. The costee

are subequal, minutely granular above, barely projecting, and their surface here

and there merges into a kind of broken granular epitheca. Near the calicular

margin the costse are the most distinct ; and close to it they become more prominent,

granular, and alternately large and small, and slightly more separate. There is an

obliquity of their direction in some places. A few synapticulse exist between some

of the costse.

The calice is open, shallow, and usually has an incurved margin. The septa are

very numerous, close, alternately large and small, long, level, granular, and without any

definite cyclical arrangement; they join by their sides towards the centre of the calice,

and the smaller are wavy. A false columella is formed by the septal ends. There are

about 192 septa, and the synapticulse are numerous and slender.

Breadth of calice 1-^ inch ; length of calice 1^^ inch.

Height of corallum 1-^ inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G f|^».

Illustrations of the Species in Plate VII.

Fig. 1. The corallum : natural size.

2. Costae : magnified.

3. Septa and synapticulse : magnified.

5. TuRBiNOSEEis ELEGANS, Duncan. Plate XVI, Figs. 3, 4.

The corallum has a widely open, irregular-shaped calice, and a more or less conical

base. The axial space is elongate, and there is a region around it where there is a

kind of indistinct fossa ; around this the calice is undulating, more or less, to the everted

margin.

The septa are very numerous, close, small, often curved, and a few reach the

long axial space. Some of these are larger than the others, and between them there

are smaller septa, and to these still smaller unite. All are stouter externally, and at

the everted edge become covered with epitheca. At the margins the larger and broadest

septa, after passing inwards, unite to form the surface near the axial space. There

are more than six cycles of septa. Synapticulse are seen at the edge ; and the epitheca

is dense, plain, or slightly and irregularly granular.

Height of the corallum from the base is 1 j^ inch, and the greatest diameter of

the calice I^q inches.

Locality. Jhirk, in the Ranikot group. Survey-number G -fffj.

Illustrations of the Species in Plate XVI.

Fig. 3. The corallum, side view : natural size.

4. Some septa: magnified.

These species of the genus Turhinoseris are more or less allied to those found in

the Eocene of St. Bartholomew, West Indies. The genus does not appear to have

European Tertiary allies.

h2
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Genus CYCLOLITES.

Cyclolites, Lamarck, Syst. des Anim. s. Vert. p. 369.

1. Cyclolites alpina, B'OrUgny sp. Plate XIII, Figs. 8, 9.

This European Eocene coral is noticed by D'Orbigny as Fwnginella alpina, Prodr.

de Paleont. t. ii. p. 403 (1850). Subsequently Milne Edwards and Jules Haime
noticed it as a doubtful Cyclolites in 1851 ; and, finally, Jules Haime determined this

to be its proper generic position in 1854.

The specimen from Sind is from the Eanikot group, three miles west of Lynyan.

Survey-number G xl§«-

It is a broad and very shallow form, with thin margins. The lower surface is

slightly projecting at the position of the peduncle, and shows feeble circular ridges

of epitheca. The epitheca is delicate and permits the costse to be seen. The upper

surface is very flat. The septa are very numerous, crowded, and unequal ; there

are more than six cycles of them. The coral is circular in outline. The breadth of the

calice is 1 j^ inch and the height about ^ inch.

Illustrations of the Species in Plate XIII.

Fig. 8. The corallum : natural size.

9. Septa: magnified.

2. Cyclolites Eanikoti, Duncan. Plate XVII, Figs. 5, 6.

The corallum is circular in outline and concave below, where there is a feeble

epitheca barely marked with concentric rings. Above, the coral is slightly convex,

with rather a blunt marginal edge. The fossa is very small and circular. The septa are

thin, not very close (for the genus), furnished with numerous and visible synapticulse,

unequal, usually straight and plain, having a sharp keen edge. The smaller septa cling

to the margin, and the larger are broadest near the fossa ; and there are in all from

280 to 300 septa.

Height of corallum -^o inch ; breadth xo inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G fl^-

Illustrations of the Species in Plate XVII.

Fig. 5. The corallum, side view : magnified.

6. Some septa, magnified, showing synapticulse.

Cyclolites Eanikoti, Duncan. Variety.

A variety of the species occurs at Jhirk, in the Eanikot group. Survey-number

Gr ft4a- It has smaller septa, which are rounded where free, instead of being sharp-

edged ; moreover, the septa are dentate in the fossa.

3. Cyclolites ceenulata, Duncan. Plate XVII, Figs. 3, 4.

The corallum is circular in outline, flat beneath, and is marked with a strong



ALCYONAEIA OF SIND. 53

epitheca with bourrelets. The upper surface is slightly convex and has a small

circular fossa. The septa are unequal, close, about 280 in number, thicker near the

fossa than elsewhere, and the free surfaces of all are distinctly ornamented with a flat

crenulation, the lines of which are across the septa, making a great number of rectan-

gular, square, and irregular markings. The septa pass deeply down the sides of

the fossa.

The height of the coral is under ys inch, and the breadth is yq inch.

The locality whence this fossil was derived is the hills east of Lynyan, in the

Ranikot group. Survey-number G -f-ff-

Illustrations of the Species in Plate XVII.

Fig. 3. The coral, side view: magnified.

4. A portion of the calicular part : magnified.

4. Cyclolites Vicarti, Haime. Plate XVII, Figs. 1, 2.

This was the only Cyclolite described by D'Archiac and Haime (op. cit. p. 192)

;

and the following is the diagnosis :

—

The corallum is circular in outline and short ; the inferior face is concave and

covered with a well-developed epitheca, marked with slight concentric " bourrelets " and

having a slight median projection. The upper surface is slightly convex, with a shallow,

circular central fossa. There appear to be six cycles of septa complete ; all the septa

are very close, very thin, straight, and subequal. The height is less than J inch and the

diameter about f inch.

In the magnified view of the calicular surface (plate xii, fig. 8 b) D'Archiac and

Haime indicate a moniliform condition of the free edges of the larger septa, and

that whilst the majority of the septa do not reach more than halfway to the central

fossa, a number of systems do, and that they consist of two larger septa with three

smaller between them, and of these three the central one alone passes to the fossa.

These are important additions to the diagnosis, especially when at least eight other forms

of closely allied Cyclolites are found in Sind.

In the two specimens collected by the Indian Geological Survey from three miles

west of Lynyan, Ranikot group (Survey-number \ \ "«) , the breadth is greater than in the

type in one, and the height in relation to the proper breadth is less in the other. The

general septal arrangement is seen, and the faint crenulation and beading of the larger

septa also ; but the smaller septa have minute tubercles on them. The synapticulae are

well seen, and in one specimen some of the largest septa meet on the floor of the fossa.

Specimen 1. Breadth f inch, height rather less than J inch.

Specimen 2. Breadth I^-q inch, height ^ inch.

Illustrations of tJie Species in Plate XVII.

Fig. 1. Side view of the corallum: magnified.

2. The septa: magnified.
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5. Ctclolitbs anomala, Duncan. Plate XVII, Figs. 13, 14.

The corallum is circular, thin, barely convex above, with a shallow fossa. Below

it is flat with a median projection, and the epitheca is marked with concentric rings.

The septa are numerous, not very close, thin, plain, unequal, and there is much union

of groups of them near the fossa, into which depression very few enter.

Height -i\ inch ; length yq inch.

Locality. Jhirk, in the Eanikot group. Survey-number Gff^ra.

Illustrations of the Species in Plate XVII.

Fig. 13. The coral from above.

14. Some septa : magnified.

6. Ctclolites supeeba, Dwman. Plate XVII, Figs. 11, 12.

The coral is elliptical in outline, very concave inferiorly, and nearly hemispherical

above. The epitheca is stout and marked with concentric rings ; and the fossa is small,

shallow, and slightly elliptical.

The septa are very numerous, very unequal, and those which reach over the half

distance to the fossa are spined bluntly when large and sharply when small. The

synapticulse are numerous.

Height rather over -f^ inch ; length of base \-^q inch, breadth l^p inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G ^^.

Illustrations of the S^pecies in Plate XVII.

Fig. 11. The coral, side view.

12, Some septa : magnified.

7. Ctclolites Haimei, Ihmcan. Plate XVII, Figs. 9, 10.

The corallum is slightly elliptical in outline, decidedly convex above, with a large

shallow fossa, which is nearly circular. The base is rather fiat, but is slightly concave

in the middle, and the epitheca is moderately stout and faintly marked concentrically.

The septa are unequal, numerous, about 280 in number, close at the margins, not

crowded elsewhere, rather thin, separate, and all except the smallest are ornamented on

the edge with minute, rounded, and sharp spines. The synapticulse are numerous and

visible.

Height of coral -^ inch ; length \^ inch ; breadth 1 j^ inch.

Locality. Three miles west of Lynyan, Eanikot group. Survey-number G H^.

Illustrations of the Sjpecies in Plate XVII.

Fig. 9. The coral : natural size.

10. Some septa: magnified.

8. Cyclolites Altavillensis, Defiance. Plate XVI, Fig. 11,

'I'his Hauteville type is present in the Sind Eocene coral-fauna of Jhirk. The base
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is slightly convex and has been pedunculate ; it is feebly epithecate. The margin is

slightly crested ; the calice is circular, subflexuous ; and the fossa is circular. The septa

are very numerous, even in the young form.

Locality. Jhirk, in the Eanikot group. Survey-number G rf-js-

Illustration of the Species in Plate XVI.

Fig. 11. The corallum, natural size, side view.

9. Ctclolites striata, Duncan. Plate XVII, Figs. 7, 8.

The corallum is circular in outline, nearly flat inferiorly, where the epitheca is

ringed concentrically, and very slightly convex above. The fossa is very small and rather

oval, and not very deep. The septa are exceedingly crowded and close, so as to present

the resemblance to a series of radial striations ; they are very thin, equal, excepting

the higher orders, close to the margin, and plain, and are about 360 in number.

Height of coral slightly over ^o inch ; breadth of the base 1 inch.

Locality. Jhirk, in the Eanikot group. Survey-number G fi 45-

Illustrations of the Species in Plate XVII.

Fig. 7. Corallum from above : natural size.

8. Part of the upper surface, near the edge : magnified.

The presence of nine species of the genus Cyclolites, including the European

Cyclolites alfina and Cyclolites Altavillensis, in the lowest Tertiaries of Sind, is very

interesting, for it stamps the coral-fauna with an Eocene facies ; and this is rendered

most decided by the presence of some other species common in the Nummulitic strata

of Europe.

Genus THAMNASTE^A, Lesauvage, amended.

1. Thamnaste^a Balli, Duncan. Plate XIX, Figs. 1-3.

The corallum when full-grown is very large, massive, convex above, fungiform, with

a low, broad stalk having a broad base. In young forms the coral is very convex above

and incrusting or concave below, and is thin.

The convex upper surface is covered with vast numbers of very small, shallow

calices, connected by long and very converging, narrow linear costse. The small size of

the costse is very striking in relation to the great dimensions of the corallum ; and the

restricted calicular areas and very superficial and extremely shallow fossae are equally

characteristic. Some six or seven septa really touch the small rudimentary columella,

and each is formed by several septo-costse ; but they are all nearly equal in thickness,

and are not close. There may be from sixteen to thirty-six of these joining septa, all

being of different lengths and entering into the composition of other calices also.

The synapticulse are very numerous.

In some parts of this remarkable coral the calices become elongate in one direction,

and a long septo-costate columella, joined by many septa, results.
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Length of three calices and their costse about ys inch.

Height of the full-grown corallum 2^ inches ; breadth 6J inches.

Locality. South-west of Jhirk, Eanikot series (Survey-number G fff) ; and at

Jhirk (Survey-number G fffj-

Illustrations of the Species in Plate XIX.

Fig. 1. A small corallum: natural size.

2. Calices : magnified.

3. A long calice : magnified.

Group MADEEPORARIA PERFORATA.

Family MADBEPOBIJ)^.

Subfamily EUPSAMMINE^, M. Ed. Sr J. H.

Genus STEPHANOPHYLLIA.
StephanophylKa, Michelin, article Astree, Dictionnaire des Sciences Nat., Swpplem. vol. i. p. 484.

1. STEPHANOPHYLLIA Indica, Duncan. Plate VIII, Figs. 7-10.

The corallum is almost hemispherical, but is slightly depressed at the columellary

portion. The base is circular in outline, slightly concave, and no traces of costse are

visible : there appears to be a perfectly plane surface.

The margin of the corallum is marked by trabeculse and the origin of the septa,

and there are about three rows of the horizontal series of them. The columellary space

is flat, trabecular, and circular in outline. The septa are in six systems of four cycles

:

the primaries are the longest, and are separated from the others ; the secondaries, not

so stout as the primaries, are nearly as long, and are joined by the tertiaries not far from

their axial end ; and the higher orders unite to the tertiaries about midway in the calice.

Usually each septum is the result of the union of two trabeculse at the margin. The
largest septa are straight and stout, and they have minute granules on their sides and

upper margin.

Breadth of the corallum ^- inch ; height -^^ inch.

Locality. Jhirk, Eanikot group. Survey-number G \
3.8.0
2 46-

Illustrations of the Species in Plate VIII.

Fig. 7. Side view: natural size.

8. The corallum, from above.

9. The calicular surface : highly magnified.

10. The trabecular septa of the edge : highly magnified.

This small Slephanophyllian is remarkable for not having the costulate base seen

in all other species ; but it is possible that the form is seated on a thin foraminifer.

The large size of the trabecular columella distinguishes it from Stephanophyllia Bower-
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banki of the British Lower Chalk, whose septa are more curved and granular. It is

nearer the Cretaceous species than Stephanophyllia discoides, M. Ed. & H., from the

London Clay.

Family POBITIBJE.

Genus LITHAE^A, M. M. & J. H.

Litliaraea, M. Ed. Sf J. H., op. mf. p. 22.

1. LiTHAE^A GEANDis, Buncan. Plate XI, Figs. 11, 12, 13.

The corallum is elliptical in shape, convex above, and flat at the edge and concave

in the middle below. The calices are large, hexagonal, or irregular in size and shape,

and are shallow. The margins are stout and trabecular and are irregular in outline,

angular or circular, being occasionally produced. The septa are stout, distant, plain,

often wavy, and the larger form a trabecular columella with their inner ends; the

secondaries and tertiaries often join. There are twelve large and twelve smaller septa,

more or less developed in different calices. The laminae are not very perforate. The

floor of the calicular fossa is closed by dissepiments, which are not very perforate.

The base of the coral has no epitheca, but the costse and an exotheca exist there

in abundance.

The length of the corallum is 3^ inches, the height is rather over 1 inch. The

breadth of the largest calice
-j^o

i^ich ; -^q inch is a common length.

Locality. South-west of Lynyan, Ranikot group. Survey-number G f|f

.

Illustrations of the Species in Plate XI.

Fig. 11. Side view of corallum.

12. Costse : magnified.

13. Part of the base : magnified.

This species is closely allied to Idtharoea epithecata, nobis, from the Cretaceous

olive shales of Jakhmari, described at p. 23. The absence of a definite epitheca and

the size of the calices constitute nearly the only distinction, but it is a fair one.

Genus PORITES, Lamarck.

1. PoEiTBS SUPEEPOSITA, Buncan. Plate XIV, Figs. 5, 6.

The corallum is in the shape of an irregular nodule, with a small elliptical base,

swollen and constricted sides, and a tumid convex upper surface. Lines of superposi-

tion occur, and the coral consists of a number of layers, one over the other, or of a

central mass whose sides have grown in layers irregularly. The calices are not

crowded, are but slightly polygonal, and often circular, for there is an unusual amount

of trabecular tissue at the wall. The septa are close and crowded, rather short, not

much thicker at the margin than within, irregular in their size and direction, many

joining others ; there are 24 of them, and pali exist in the form of bead-like points,

I
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the columella being scarcely distinguishable from them. The trabeculse are close, and

the septa are not very perforate.

Height of corallum 1^ inch ; breadth 1 inch ; length l-^g inch.

Breadth of a calice -rs inch.

Locality. Jhirk, Eanikot group. Survey-number G f
80
2 4a"

Illustrations of the Species in Plate XIV.

Fig. 5. The corallum : natural size.

6. A calice : magnified.

List of Species from the Eanikot Series which have been found elsewhere.

1. Plocophyllia flahellata, Eeuss. From the district of S. Giovanni Ilarione,

between the Valle di Chiampo and Montebello, Alps, Europe.

2. Diploriafiexuodssima, D'Ach. S. Giovanni Ilarione.

3. Astrocoenia nana, Eeuss. Monte delle Carrioli, Castel-Gomberto district.

4. Astrcea Morloti, Eeuss. Oberburg, Steiermark.

5. Trochoseris difformis, Eeuss. Castel-Gomberto district.

6. Cyclolites alpina, D'Orb. Eocene of St. Bonnet, Faudon.

7. Cyclolites Altavillensis, Defr. Eocene, Hauteville.

Alliances of some of the Species found in the Eanikot Series with those

of remote Areas.

1. Trochocyathus corhicula, Duncan, to Trochocyathus sinuosus, Brogn., Eocene of

La Palarea and Friuli.

2. Blagrovia simplex, Duncan, to Smilotrochus incurvus, D'Ach., from S. Giovanni

Ilarione, Alps.

3. Stylina Reussi, Duncan, to Stylinoe from Castel-Gomberto, but slightly only.

4. Stylocoenia maxima, Duncan, to Stylocoenia macrostyla, Eeuss, from S. Giovanni

Ilarione.

5. Plocophyllia Sindiana, Duncan, to Plocophyllia gregaria, Eeuss, from S. Gio-

vanni Ilarione.

Total number of species of fossil Corals from the Eanikot series, 50.

Species identical with those of European Eocene deposits containing Nummulites

planulatus and Cerithium giganteum, 7.

Species allied closely to those of European deposits on the same and on slightly

higher horizons, 5.

The most coralliferous strata in the Eanikot series are :—at Jhirk ; south-west of

Jhirk ; hills east of Lynyan and west of Lynyan ; Vero plain east of Kandaira ; and

hilly ground north-by-east of Petiani.
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VIII. Description of the Fossil Coralsfrom the Khirthar Series in the Nummulitic

Deposits of Bind above the Bcmikot Series.

Of the sixteen species derived from localities in the Khirthar series, ten come from

strata so high up that it is not satisfactorily determined whether they form the top of

the Khirthar series or the base of the Nari series.

List of the Species of Madreporaria or Stony Corals from the Khirthar Series of Sind.

Section MADREPORARIA.
Ch-ouj> MADEEPOEAEIA APOEOSA.

Family TUBBINOLIDJE.

Subfamily Teochocyathaob^.

Trochoeyathus nummuliticus, Duncan.
|

Leptocyathus epithecata, Duncan.

Transition-grotvp Sttlophoein-S).

Stylophora contorta, Leymerie.

Family ASTR^IDJE.

Subfamily Stylinace^.

Stylina tertiaria, Duncan.

Subfamily AsTEiEACE^.

Montlivaltia Indica, Duncan.

Calamophyllia Indica, Duncan.

Latimaeandra insigais, Duncan.

Hydnophora Maliriensis, Duncan.

Pavia Maliriensis, Duncan.

Favia pedunculata, Duncan.

Astrocoenia numisma, Defrance.

Isastrsea irregularis, Duncan, and a variety.

Pterastrsea mirabilis, Duncan.

Plesiastraea eoceniea, Duncan.

Group MADEEPOEAEIA PEEPOEATA.

Family POBITID^.
Pontes Indica, Duncan.

\

Pontes PeUegrimi, D'AcTiiardi.

Section MADREPORARIA.
Group MADEEPOEAEIA APOEOSA.

Family TUBBINOLID^.

Subfamily TROGHOCYATHACE^.

Genus TEOCHOCYATHUS, M. Ed. & J. H.

1. Teochocyathus nummuliticus, Duncan. Plate IV, Figs. 1-3.

The corallum is cyclolitoid in shape, circular in outline, depressed centrally at

the axial space, slightly convex to the margin, very short, and either very slightly

convex inferiorly or concave. The base is attached to a small Nummulite, and has a

delicate epitheca, through which the costse can be seen. The costae are straight,

numerous, unequal, and many reach the point of attachment, and there are three

smaller ones between each pair of the longer.

The edge of the calice is perpendicular for a very short distance, and there the

i2
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costse are well seen; they are sharply granular laterally, and not very unequal in size.

The smaller turn over the upper edge of the margin, and correspond with small septa

which do not reach far inwards.

The calice, widely open, is crowded with septa and pali very closely placed^ The septa

are thin, moniliform from ornamentation at the edge, and unequal in length. There are

five cycles, and all the orders except the highest have pali. Th'e principal cycles are

equal, but the primaries and secondaries have not the largest pali, and do not correspond

with the largest costse. The largest pali are long, stout, low, arched, and are higher than

the septa, and they reach far towards the margin ; the others are elongate ovals in shape.

The sides of the septa are granular. The axial space is circular in outline,

moderately deep, and there is no columella.

The height of the coral is ^o inch, and the breadth of the calice is rather more

than -^Q inch.

In some of the corals the epitheca is dense, and the basal surface is concave, and

the whole is not so bulky as in the type.

Locality. Gagar hill, east of Surjana, Khirthar group. Survey-number G fxf

•

Illustrations of the Species in Plate IV.

Fig. 1. The base of the coral : natural size.

2. The base : magnified.

3. The calice : magnified.

Genus LEPTOCYATHUS, M. Ed. & J. H.

Leptocyathus, M. Ed. Sf J. H., op. cit. vol. ii. p. 80.

1. Leptocyathus epithecata, Duncan. Plate IV, Figs. 4-7.

The corallum is discoid, flat beneath, swollen at the margin, and with a sunken

central fossa. Frequently attached to a Nummulite, the base is marked with linear

costse, and usually three small ones are placed between a pair of long ones, all being

more or less masked by a pellicular epitheca which reaches to the edge of the calice
;

there the costse project rather unequally, the primaries and secondaries being the most

prominent. As they form the flank of the coral they become arched, distinct, granular,

and preserve their arrangement in size. The septa correspond with the costse, and the

larger are exsert, arched above, very granular laterally, and long; they pass down-

wards, diminishing in size, to the axial space, where small broken-granular-looking pali

terminate them and merge into a central columella. The middle septum of the three

smaller between the pair of larger septa reaches far towards the centre, and the others

less so, and the larger only have pali. The smaller series are not so high or arched ; but

all are granular laterally, and in some places the granules unite, simulating synapticulse.

Height of the coral ys inch. Breadth of calice yo inch and less.

Locality. Gagar hill, Khirthar series. Survey-number G fff

.

Illustrations of the Species in Plate IV.

Fig. 4. The base : natural size.

5. Ditto: magnified.
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Fig. 6. Septa and one of the pali in front.

7. Costse : magnified.

This is rather an aberrant form of the genus Leptocyathus, and the glazed-looking
epitheca is characteristic.

Transition-group STYLOPHORINJE, M. Ed. Sf J. H.

Genus STYLOPHOEA, M. Ed. & J. H.

1. Sttlophoea contoeta, Leymerie. Plate XVIII, Figs. 21, 22.

There is a small branch of this well-known Eocene coral in the Khirthar group
in deposits "near Petiani," west of Kotri. It was found also by D'Archiac and
J. Haime in Sind; and its other localities are the Eocene of the West Indies, and
La Palarea, Foujoncouse, Corbieres, &c. in Europe. Survey-number G ^7^.

Illustrations of the Species in Plate XVIII.

Fig. 21. The branch : natural size.

22. Calices: magnified.

Family ASTR^IDjE.

Subfamily STYLINAGEM

Genus STYLINA, Lamarck.

1. Sttlina tertiaeia, Duncan. Plate VI, Figs. 1, 2.

The corallum has a large and irregular upper surface, which, on the whole, is

almost flat, and the height of the mass is under an inch. The calices are small, nume-

rous, irregularly distant, crateriform, with a widely open shallow fossa. The walls rise

suddenly from the almost plain intercalicular space, and do not narrow over-much, and

they are marked by thin, distinct, wide-apart costae. In some calices there are 18 well-

developed costse, and some smaller exist between the larger. There are two cycles of

septa, and part of a third in some systems. The columella is very small and styliform,

but distinct. The intercalicular space is either plain, costulate, or minutely granular.

Breadth of type 2 mches. About 8 calices and interspaces occupy 1 inch of length.

Locality. Maliri, south of Chotra, at the top of the Khirthar group or base of

the Nari. Survey-number G ^^^.

Illustrations of the Species in Plate VI.

Fig. 1. Part of corallum : natural size.

2. Calices: magnified.

Subfamily ASTBMAOE^.

Genus MONTLIVALTIA, Lamouroux.

1. MoNTLiVALTiA Indica, Duncan. Plate X, Figs. 5-7.

The corallum is large, low, free, and is compressed slightly at the sides. The

calice is widely open, elliptical, and very slightly deformed. The fossa is shallow, and
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the axial fossula is elongate and limited by the septal ends. The margin is rather

sharp. The septa are very numerous, being more than 400; they are exceedingly thin,

long, well separate, subequal, and united often by dissepiments as thin as themselves.

Near the margin some small septa intervene. The septa are slightly spinulose or

crenulate at the free edge.

The base is convex, and more so from side to side than is the long diameter ; there

is a delicate peduncle surrounded by a circular ridge of epitheca, and this is succeeded

by other broader and more prominent epithecal ridges, some of vphich cover the costse

to close to the margin.

The costse are visible at the pedicel, and here and there between the epitheca ; they

are as delicate and thin as the septa, are numerous and subequal, and united by exotheca.

Height of the coral 1 inch ; length 3 inches ; breadth 2^ inches.

Locality. North of Maliri, Khirthar group. Survey-number G -^g-.

Illustrations of the Species in Plate X.

Fig. 5. The corallum : natural size.

6. The base.

7. Part of septa and endotheca : magnified.

Genus CALAMOPHYLLIA, M. Ed. & J. H.

1. Calamophtllia Indica, Duncan. Plate XIX, Figs. 6, 7.

The corallum is tall, and consists of a bundle of corallites tolerably closely placed

together, branching once here and there, and being more or less deformed, and both

angular and rounded. The costse are not visible ; the septa are thin, and in about four

cycles ; the columella is very small. The endotheca is well developed, and there is a

slight swelling of the long corallites here and there. The wall is stout.

Height of the corallum 4-| inches. Breadth of a calice i% to ^ inch.

Locality. Hindi hill. Upper Khirthar beds. Survey-number G -^4^.

Illustrations of the Species in Plate XIX.

Fig. 6. The corallum : natural size.

7. A transverse section of a corallite : magnified.

The species is allied to Calamophyllia fasciculata, 'Re\iss,= C.^abellum from the

Upper Nummulitic of Oberburg.

Genus LATIM^ANDRA, VOrbigny.

1. Latim^andea insignis, Duncan. Plate XX, Fig. 10.

The coral is large, flat, thin, circular in outline, and pedunculate. A very feeble

epitheca exists, and radiating costal strise are seen through it or are uncovered. The
series, which are very shallow, broad, comparatively straight, except here and there

where there are leaf-like off'shoots, radiate from the centre of the upper surface to the

margin. The valleys are shallow and broad, have a distinct axial line, but no columella

;

and the septa, large and wide apart near the line, are more numerous, and sometimes
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alternately very small and large, at the sharp yet low colline top. The larger septa

have a clubbed end; and there are about twelve of them in the space of ^ inch.

Height of the coral 1^ inch ; breadth 5|- inches.

Length of series 1J inch to f inch ; breadth J inch.

Height of valleys ^u- inch.

Locality. Maliri, at the top of the Khirthar series or base of the Nari. Survey-

number G ^-.
Illustration of the Species in Plate XX.

Fig. 10. -Half of the corallum : natural size.

Genus HYDNOPHOEA, Fischer de WaUheim.

1. Htdnophoea Malikiensis, Duncan. Plate XIX, Figs. 11, 12.

The corallum is very massive, flat and costulate below, gibbous above, and covered

with moderately large, sharp-edged, broad-based coUines, very irregularly placed and

sized. Many collines are oblique, and the valleys are deep, the septa being large, and

alternately large and small. The columella is absent.

Height of the coral 2\ inches ; length of specimen 7 inches.

The longest colline is -fa inch, and the distance from one colline to the next is

about ^0 inch.

Locality. Maliri, south of Chotra, at the top of the Khirthar series or base of the

Nari. Survey-number G -g^.

Illustrations of the Species in Plate XIX.

Fig. 11. A part of the corallum: natural size.

12. A colline : magnified.

Genus FAVIA, OJcen.

1. Favia Malieiensis, Duncan. Plate VI, Figs. 3, 4.

The corallum is massive, large, thick, and somewhat flat at the base, and convex

above and sloping at the sides. The calices are excessively irregular in size, shape, pro-

jection, depth, and in their details. The costse are larger than the septa, and usually

unite with those of the next calice, but a line of depression sometimes intervenes ; they

are distinct, crowded, minutely granular, and subequal. Every alternate costa corre-

sponds with a rudimentary or else with a very small septum. The septa are smaller

than the costse, spread over the floor of the deep calices, are slender alternately, and

usually enlarge near the axial space, so as to form part of the small spongy columella.

There are three cycles or 24 septa in the smaller calices, and in the long and deformed

ones the fourth cycle may be reached. The costse form a very prominent part of the

coral, and they cover a broad space between the calices as a rule.

Length of largest calices, including costal prolongations, -^q inch.

Depth of calices often -^ inch.

Locality. Maliri, south of Chotra, at the top of the Khirthar beds or base of the

Nari series. Survey-number G^.
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Illustrations of the Species in Plate VI.

Fig. 3. Calices: magnified.

4. Other calices, magnified, showing the large costal continuation

from one calice to the other.

2. Favia pbdunculata, Duncan. Plate VI, Figs. 5, 6.

The corallum is rather convex above, thin at its circular edge, and broadly pedun-

culate, there being also a delicate epitheca. The calices are exceedingly irregular in

shape, size, and depth, but all have close, low, flat, broad granular costse, vrhich are

subequal and slightly separate at the margin, and a distinct line or depression limits

one calice from another, and usually, but not invariably, interferes veith direct costal

communication. The calices, long, hexagonal, square, irregular or circular in outline,

are shallow and widely open. The septa, about 60 in number, in the largest calices,

arise from the nearly equal costse, and, as a rule, are alternately large and small, the

largest being the longest and reaching a columella; they are all slight in breadth

and height, and are often curved sideways. The columella is trabecular, and assumes

a broken lamellar shape in long calices.

When calices unite, the crest may be sharp and the line wanting, or it may be

rather flat, and then the limiting line is distinct.

The breadth of the corallum is 4 inches ; height 1 1^ inch.

Length of longest calice -^ inch.

Locality. Maliri, south of Chotra, at the top of the Khirthar group or base of the

Nari series. Survey-number G 3 02
92 •

Illustrations of the Species in Plate VI.

Fig. 5 . Part of the upper surface of the corallum : natural size.

6. Calices : slightly magnified.

Genus ASTEOCCENIA, M. Ed. & J. H.

1. AsTEOCCENiA NUMisMA, Befrance, sp. Plate VI, Figs. 13-15.

The corallum is discoid and very thin, subpedicillate, or placed on a small nummu-
lite, and slightly convex above, with thin edges. The epitheca is in delicate circular

ridges, and costse are faintly visible. The calices are placed with great regularity, and

they appear to have increased in size and to bud at the edge ; they are nearly equal

in size, and are regularly hexagonal and shallow. The columella is cylindrical, sharp,

and projects. The septa are usually 20 in number, and are alternately large and small.

The intercalicular spaces are small and costulate.

Breadth of the largest corallum ^ inch ; height -^^ inch.

Locality. Gagar nala, N.E. of Bula Khan's Thana, and east of Surjana, Khirthar

series. Survey-numbers G x§f, G fyf

.

This beautiful species has also been found near Gap, in the district of Nice, in the

Nummulitic of the Hautes. Alpes.
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Illustrations of the Species in Plate VI.

Fig. 13. Upper part of coral: natural size.

14. Side view.

15. Calices : magnified.

Genus ISASTE^A, if. Ed. & J. H.

1. IsASTE^A IRREGULARIS, Duncan. Plate XIV, Fig. 1.

The corallum is large, irregular in shape, convex above, and has a large peduncle

belovy, vs^here there is an epitheca.

The calices are exceedingly variable in shape and size ; and this is irrespective of

the intramarginal gemmation which prevails. Some are irregularly oval or polygonal,

and these are the largest ; others are in hexagons or pentagons and are smaller. The

margins are united, and the septo-costse are rather wide there. The .calices are deep

about the edges ; but the floor of the fossa is often flat. The septa are not numerous,

and 18, 24, or 36 are the usual numbers, but when there are many very small septa there

are four cycles ; the primaries are the largest, and are short and straight, and sometimes

are swollen within ; and the others, especially the smallest kinds, unite with the larger

septa. Usually the septa are alternately large and small, and the smallest are often

crowded between the larger. The costal end of the septa is slightly swollen. A false

columella exists, produced by the inner termination of the septa, and in some calices it

is almost lamellar. The epitheca is plain.

Breadth of corallum 3-4 inches ; length 4^-8 inches ; height If inch.

Length of calices -yq to ys inch.

Locality. Maliri, top of the Khirthar series or base of the Nari. Survey-number

G302."9 2 •

Illustration of the Species in Plate XIV.

Fig. 1. Some calices : slightly magnified.

IsASTE^iEA IRREGULARIS, JDwican. Variety. Plate XIV, Fig., 2.

A large, massive corallum, covering many square inches, gibbous more or less on

the surface, and about from 1 to 3 inches thick. The calices are smaller and more regular

than in the type, and the principal septa are of uniform breadth from the broad and

often granular margin to the false columella.

Locality. Maliri, top of the Khirthar group or base of the Nari. Survey-number

Illustration of the Variety in Plate XIV-

Fig. 2. Some calices : magnified.

Genus PTEEASTE^A, M. M. & J. E,

1. Pterastr^a mieabilis, Duncan. Plate V, Figs. 7, 8.

The corallum is massive, and more or less incrusting in its habit ; it is rather irre-
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gular on the calicular surface ; and the calices have their septa arranged partly in four,

five, or six unequal lozenge-shaped or triangular masses, one lozenge belonging, as it were,

by the continuity of its septa, to a neighbouring corallite. The massed septa are on a

higher level than the others, which are in grooves between them or in depressions. Usually

there are stout linear masses of several septa also, or a single large septum may form one.

The septa are close, crowded, rather irregular in their course, and there may be from

one to six in the elevated " septal masses." In the intermediate spaces they are of the

same shape, and may equal the others in number. Several septa unite in the axial space,

producing a small nodule simulating a styloid columella. The limits of the calices are

indefinite in consequence of the intercalation of the groups of septa, of which probably

there are four cycles.

The synapticulse are numerous and close, and may be seen on the calicular surface

;

and they are equally numerous between the long septal laminae in longitudinal section.

There is no other endotheca or epitheca.

The coral covers some inches of surface and is tall.

The calices are not in series, and about six of them occupy the length of an inch.

Locality. Maliri, south of Chotra, at the top of the Khirthar beds, or at the base

of the Nari series. Survey-number G ^^.

Illustrations of the Species in Plate V.

Fig. 7. Corallum, upper surface : natural size.

8. Calices : magnified.

Genus PLESIASTRiEA,' Jf. Ed. & J. H.

1. PlesiastRuEA Eocenica, Duncan. Plate XIX, Figs. 8-10.

The corallum is large, massive, plain beneath, and rather gibbous above ; or it may
be boldly convex above, and low and broadly pedunculate.

The calices, very unequal in size, are usually circular in outline, separated by a

distinct groove and are slightly raised, the margin occupied by the junction of the

costse and septa being circular, broad, and overhanging the calices. Some calices, where
there is much crowding, are deformed. The calices are, when perfect, rather deep,

and there is a small columella and an imperfect row of pali, which are usually before

the septa of perfect cycles, except the tertiaries ; they are small, and but little broader

and higher than the septal ends. The septa, never in four complete cycles, are thin,

not often straight, and are not exsert. The costse are much larger than the septa, form
a rim to the margin, and are subequal, the primaries being distinguishable by their

length: all are close, crowded, slightly rounded, not spined, and are distinct from
those of the neighbouring corallites. The thin septa and the thick costte are very

characteristic.

Height of the corallum 3 inches ; length 8 inches.

There are about three calices and their costse to the length of 1 inch. The costal

rim is ^ inch broad in many calices.
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Locality. Northern end of Watwaro range, between Trak and Damaj ; top of
the Khirthar or base of the Nari series. Survey-number G ^.

Illustrations of the Species in Plate XIX.

Fig. 8. Calices : natural size.

9. „ : magnified.

10. A diagram of a septum and palus.

Probably a fungiform coral found at between Tong and Baili belongs to this species.

Another convex block is from Mai Mohori.

Without the pali this coral would pass for a species oi Phyllocoenia ; and it is very

probable that the fossil corals of Sind which were formerly associated with that genus
really belong to Plesiastroea.

Group MADREPORARIA PERFORATA.

Family POMTIBM.

Oenus POEITES.

1. PoKiTES Indica, Duncan. Plate V, Figs. 12,13.

The corallum is massive, and has a broad and irregularly gibbous surface. The
calices are shallow, open, but slightly separate, hexagonal or pentagonal, or are irregular

in outline. The septa are not crowded, and are rather equal: the primaries are the

longest and largest, and the secondaries are slightly less ; there is frequently union

between the tertiaries or between them and the secondaries, and all have a few

nodular granulations on their free edges. There are indefinite pali, either as nodules

or as trabeculae, around the rather wide axial space, which is filled by a trabecular

columella.

There are three cycles of septa in some systems, but not in all. The coral is some

inches in length and breadth.

The calices are usually from ^^g- to -j^- inch in breadth.

Locality. Maliri, south of Chotra, top of the Khirthar beds or base of the Nari

series ; Mai Mohori, same horizon. Survey-number G -^.

Illustrations of the Species in Plate V.

Fig. 12. A part of the coral : slightly magnified.

13. Calices (magnified) and portions of costse.

2. PoEiTES PELLEGRmii, IfAch. Plate V, Figs. 14, 15.

There is a nodular coral in the series from Sind whose calices resemble those of

D'Achiardi's species, but the pali are not so distinct. The condition of the specimen is

indifierent, and the knob on the septa nearest the axial space is the true palus. The septa

are fewer than in the type, which is from San Giovanni Ilarione. The species is also

mentioned by Eeuss, and figured by him from that locality.

k2
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Locality. Sind; Mai Mohori, top of the Khirthar group or base of the Nari.

Survey-number G -g^-

niustrations of the Species in Plate V.

Fig. 14, The corallum.

15. Some calices : magnified.

List of the Species of Fossil Corals from the Khirthar Series which are identical with

those of European and other Nummulitic deposits.

Styloplwm contorta, Leymerie. At La Palarea and Foujoncouse, in Europe, and

St. Bartholomew, West Indies.

Astrocoenia numisma. At Gap, Nice.

Pontes Pellegrinii, D'Ach. S. Giovanni Ilarione,

Species which are allied to others in Europe.

Calamophyllia Indica, Duncan, to Calamophylliafasdculata, Keuss {=C. fiaheUwm,

Eeuss), from the Upper Nummulitic of Oberburg.

Hydnophora Maliriensis, Duncan, to Hydmyphora venusta (CatuUo), Nummulitic of

Europe.

Pontes Indica, Duncan, to Porites micrantha, Eeuss, from Crosara, Oberburg.

The number of species of fossil Corals found in the Khirthar series is sixteen. The

species common to it and the European and West-Indian Eocene is three, and there

are three allied species.

IX. Description of the Fossil Corals of the Nari Series of Sind.

List of the Species of Madreporaria or Stony Corals from the Nari Series of Sind.

Section MADREFOEABIA.

Grov^ MADEEPOEAHIA APOEOSA.

Famih/ TUBBINOLID^.

Subfamily TBooHOCXATHACiii.

Trochocyathus Bumesi, J. Haime.

— nummiformis, Duncan.

nummiformis, 2 Tarieties, Duncan.

Trochocyathus Nariensisj Duncan, and a variety.

cyclolitoides, M. Ed. ^ J. Haime.

Blanfordia nummiformis, Duncan.

Transition-Chroup Stxlophoein^.

Stylophora pulcherrima, D'Achiardi.

Family ASTE^IDM

Subfamily EtrSMiiiif js.

TrochoBmilia varicosa, Beuss.

——^—
. Oldhami, Dunca/ii.

TrochosmUia Dharanensis, Dwnean.
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Stylocoania Taurinensis, M. Ed. Sf J. Haime.

Subfamily Aste^acej

Montlivaltia Vignei, D'Areh. ^ J. Haime.

Dasyphyllia gemmans, Duncan.

Ehabdophyllia Nariensis, Dwncan.

Leptoria eoncentrica, Duncan.

Mseandrina Medlicotti, Duncan.

PrionastrBBa insignis, Duncan.

-^ tenuiseptata, Duncan.

Family FUNQID^.

Cyeloseris Perezi, M. Ed. d/- J. Haime.
|

Cyclolites orientalis, Duncan.

Group MADEEPOEAJBIA PEEFOEATA.

Family POBITID^.
Litharsea nodulosa, Dimmn.

Section MADEEPORARIA.
Group MADEEPORARIA APOROSA.

Family TTJEBmOLIDM.

Subfamily TBOCHOCYATHACEJE.

Qenus TEOCHOCYATHUS, M. Ed. & J. H.

1. Tkochoctathus Burnesi, J. Haime. Plate XVIII, Figs. 1-6.

This coral was described by J. Haime in D'Archiac's Hist, des progr. de la Geol.

t. iii. p. 226 (1850), and subsequently it was noticed and drawn in their description of

the Corals from Sind (p. 183). It was said to come from the Chaine d'Hala (Sinde) ; but

the locality of derivation in this hypothetical mountain-chain is not stated. No perfect

specimen is amongst those collected in the Geological Survey of the country ; but a

fractured coral from the Nari group evidently is a variety of it. The following is the

description by J. Haime :

—

The corallum is very short, subcyclolitoid, circular, the inferior surface slightly

convex, pedicellate, and hollowed slightly centrally at the base into a little round fossula.

The costse are straight, distinct, and the primaries and secondaries are equal and project

slightly ; there is not much difference as regards the size of the others, and they are

very close and finely granular, and nearly flat. The calice is relatively rather deep, and

has a wide fossa. There are five complete cycles of septa ; and the costse are straight,

narrow, exsert slightly, and rounded externally, and tolerably thin. Those of the first

three cycles are subequal, and the others are slightly smaller, and all are granular and

striated at the edge. The deeply seated columella is but slightly developed. The pali

are short, moderately broad, rounded, and about the thickness of the septa to which

they belong ; but they are the largest when before the higher orders of septa, and those

before the penultimate septa are bilobed. The last cycle of septa has no pali. The

diameter of the coral is 2 centimetres, and the height 6 millinietres (that is, -f inch and

about -J
inch).
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The coral is figured on plate xii. fig. 2, a, h, c, of the work above mentioned
;
and

views of the side and of the base are reproduced here.

Illustrations of the Species in Plate XVIII.

Fig. 1. Side view of the corallum : natural size.

2. The base : slightly magnified.

3. A side view of the costse : magnified.

4. The ornamentation of a septum : magnified.

The variety has the general shape of the type ; but the epitheca, which appears to

be pellicular, is merged into a confused outer surface in which the costse are feebly

seen. The septal arrangement is not complete in its cycles, and two large septa have

nine others between them ; but the ornamentation is the same. The granulation of the

septa is very close and marked. The pali are small, and the columella barely exists.

Height of the corallum -^ inch ; breadth 1 inch.

Locality/. Near Eaduk, ten miles S.S.E. of Jhangara (Survey-number G ^) ;
and

also west of Bhagathoro Hill, south of Sehwan (Survey-number G ^^).

Two young corals belong to this variety, and are i% and -^ inch in length. The

external texture of the base is remarkable, and is of that broken, mosaic kind which is

so often seen in these Sind corals. In the smaller one the costse are more distinct.

Fig. 5. A young coral of the variety. The epitheca : magnified.

6. A smaller one placed on a nummulite. The base : magnified.

All were from the same locality.

2. Teochocyathus nummifoemis, Duncan. Plate XX, Figs. 1-4.

The corallum is very flat, circular in outline, slightly convex above and below, with

rather a sharp margin. The calice is widely open, shallow, and with a small, slightly

elliptical central space, where there is a papillate columella. The septa are excessively

crowded, and there are numerous repetitions of series composed of three small septa, of

which the central is the largest, placed between two larger. This arrangement is

repeated so often that there are at least six cycles of septa, or nearly 200 of them. The

primaries and secondaries are larger than the others and are subequal ; the tertiaries

are next in size, and then the rest diminish according to the order. The larger septa

are as thick midway in their course as at the margin, and the smallest are slightly wavy

in their course and join the larger ones. The larger septa reach close to the edge of

the axial space, and end in large, lobed pali, those of the primaries and secondaries

being subequal and larger than those of the other orders. The innermost pali, about

as thick as the septa, form a very marked circle ; and the outermost are smaller, and they

are rounded above. Small pali exist still further externally, and belong to higher orders
;

but two small rounded pali, belonging to the penultimate orders, are between the first

and second rows. The septa are granulated in linear rows, which crowd the sides in

regular vertical order.

There is a pellicular epitheca, which is stout, and the costse are usually visible

through it. It and the base are marked with concentric growth-rings, and on the
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innermost beyond the short, flat peduncle, the bases of the pali are more or less visible.

The edge of the corallum is rounded ; but where the costse start from the septa there

is often a sharp rim. The septal ends close to the costse are subequal ; but the costee,

where visible, are large and small, according to their order.

Height of the coral |- to 3^ and ^ inch ; breadth |^ to -j^ inch.

Locality. West of Bhagathoro Hill, in the Nari series. Survey-number G ^7^6^.

Illustrations of the Sjpecies in Plate XX.

Fig. 1. The corallum from above : natural size,

2. Septa and pali : magnified.

3. The corallum from below : natural size.

4. The central part of the base : magnified.

Trochoctathus nummifoemis, Duncan. Variety 1. Plate XX, Fig. 5.

In this variety the crown of larger pali consists of those of the first four cycles,

those before the higher orders being stouter than those before the tertiaries, but shorter

than those of the primaries and secondaries. The septa are largely granular, and the

epitheca is dense, the coral being very flat.

Locality. West of Bhagathoro Hill, south of Sehwan, Nari series. Survey-number

G23676 •

Illustration of Var. 1 in Plate XX.

Fig. 5, The inner crown of pali : magnified.

Teochocyathus nummmipoeis, Duncan. Variety 2. Plate XX, Fig. 6.

In this variety the flat papillary columella is well seen, and the septa and pali

are slenderer and often wavy.

Illustration of Var. 2 in Plate XX.

Fig. 6. The columella and inner part of the coral : magnified.

3. Teochocyathus Naeieksis, Duncan. Plate IX, Figs. 1-13.

The corallum has a flat base, with banded epitheca in circles, and granular costse

are seen here and there. The corallum, according to its age, is discoidal, subcylindrical,

and cylindrical and tall, and the sides are covered more or less with a banded epitheca,

costse appearing in the vacant spots. The calice is rarely larger than the base, and is

often contracted and concentric in outline ; it may be deep or shallow. There is no

columella in the discoidal shaped forms, and a trabecular one exists in the others.

The septa are very numerous, and crowded near the margins ; there are nearly, if

not quite, six cycles of them. The larger are exsert, arched at the margin, straight,

and end in a thin paliform lobe, which reaches the axial space; the three septa

between each pair of these reach far inwards, are smaller than the others, and the two

outer bend in and meet the middle one close to its end, a broad palus resulting. The
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pali are upon the septa where they join. The rest of the septa of this system are long

and slender, and one is placed between each pair of those last mentioned. The calice is

thus made up of a number of sets of eight septa. The sides of the septa are largely

and distinctly granular. The costse are large, unequal, largely granular in a single row

on the outside, and granular and multigranular on the sides. The single row of

granules becomes very distinct between the epithecal bands.

The breadth of the base of several specimens is from -j^ to 1 inch and 1-^ inch, and

the height is from -^ inch, -^ inch, to 2 inches.

Locality. Near Eaduk, ten miles S.S.E. of Jhangara, Nari series. Survey-number

G 30 2

Illustrations of the Species in Plate IX.

Fig. 1. An oblique view of the corallum : natural size.

2. The septa and pali of part of a system : magnified.

3. A transverse section of a large specimen : slightly magnified.

4. The septa, magnified, oblique view.

5. The costae and epitheca : natural size.

6. Costse: magnified.

7. Costae at the margin : magnified.

8. The base : natural size.

9. The costse and epitheca of a large specimen : slightly magnified.

10. Side view of a tall and old specimen : natural size.

11. Its base.

12. A variety of the species : natural size.

13. Its septa and pali : magnified.

Tegchoctathus Naeiensis, Duncan. Variety. Plate XVI, Figs. 9, 10.

A variety of this polymorphic species requires notice, as the junction of the septa

and the presence of the pali within it are not always seen. The large or primary septa

of the five cycles have no pali ; the next have them, and so have the next to them in

size. A columella is visible.

Locality. Near Eaduk, Nari group. Survey-number G -7^.

Illustrations of the Variety in Plate XVI.

Fig. 9. The calice : magnified.

10. Septa and pali : magnified.

4. Tkochocyathus ctclolitoides, Milne Edwards & Jules Haime, Hist. Nat. des Corall.

vol. ii. p. 36. Plate IX, Figs. 14-18.

There is a rather conical-shaped corallum of this widely distributed Eocene coral in

the Nari series, west of Bhagathoro Hill, south of Sehwan. It has a widely open calice

whose surface is flat, with a small axial space. The epitheca is pretty strong, and the
costse are more or less distinct to the base. The pali are very evident. Faint exothecal
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dissepiments exist between the costse near the base. The costas are plain, and where

coming from beneath the epitheca look like repetitions of septa.

Height jof specimen ^ inch; breadth nearly 1-^ inch.

Illustrations of the Species in Plate IX.

Fig. 14. The coral : side view.

15o The calicular surface.

16. The pali : magnified.

17. Costse : magnified.

18. CostBB from beneath a ridge of epitheca : magnified.

BLANFOEDIA, gen. nov.

The genus Blanfordia, now founded in recognition of the distinguished oriental

naturalist and geologist to whom science is so greatly indebted in relation to the strati-

graphy of Sind, is one of the Trochocyathacese. There is a pellicular epitheca binding

the costse to the discoid base, and the calice is cyclolitoid in shape, the axial space is

elliptical, and the whole corallum is nearly circular.

The septa are numerous, close, and there are small pali on all the septa except those

of the last order ; and there is a very general and frequent union of two septa with an

intermediate one, giving a Deltocyathine appearance.

1., Blanb'OEDIa nummifoemis, Duncan. Plate XVIII, Figs. 7-9.

The corallum is nummiform, with a flat base, the centre of which has partly enve-

loped a nummulite. The epitheca is marked with irregular lines. The calice is open,

the axial space shallow, and the columella is deep and small. The septa are close

crowded, long, slightly broader externally, and the fifth cycle is incomplete ; the union

of the three septa takes place very regularly on both sides of a long primary. The pali

are small.

Height of specimen ^^ inch ; breadth ^^ inch.

Locality. West of Bhagathoro Hill, south of Sehwan, Nari group. Survey-

number G ^.
Illustrations of the Species in Plate XVIII.

Fig. 7. The coral from above : magnified,

8. The base : magnified.

9. Septa: magnified.

Transition-Group STYLOPEOBINJE.

Genus STYLOPHOEA, M. Ed. & J. H.

1. Sttlophoba pulcheeeima, VAchiardi. Plate XV, Figs. 12, 13.

A portion of a flat branch of this Coral, which is very common at Friuli (Kosazzo
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and Brazzano), where it is associated with Styl(yphora distans, Leymerie, is in the collec-

tion from the Nari group.

Locality. Eois Hill, east side, Nari group. Survey-number G ^^^.

Illustrations of the Species in Plate XV.

Fig. 12. Surface of the corallum ; slightly magnified.

13. Some calices : magnified.

Family MTBMIDuE.

Suhfamihj EUSMILINJE.

Genus TROCHOSMILIA, M. Ed. & J. H.

1. Teochosmilia vaeicosa, Beuss. Plate VIII, Fig. 11,

This species was described by A. E. Eeuss in his description of the Corals found

in one of the Coralliferous deposits of the Older Tertiaries of the Alps at Crosara. The

Sind type is smaller than the European, but the shape is the same. The base is small

and pedunculate, the body is irregularly cylindrical, constricted here and there, and

the calices elliptical, shallow, and without a columella. The epitheca is distiuct, and

exists in some places as circular bands. The costse are distinct, well developed, and

correspond with the septa.

The species is described and figured in ' Pal. Stud, iiber die alt. Tertiarschichten der

Alpen,' ii. Abtheilung, Wien, 1869, p. 22, plate xvii. figures 4-6.

Locality. Near Eaduk, Nari series. Survey-number G -^7^,

Illustration of the Species in Plate VIII.

Fig. 11. The corallum : natural size.

2. Teochosmilia Oldhami, Duncan. Plate III, Figs. 6-11.

The corallum is conical, much compressed, bluntly pedicellate, and often curved

near the base. The calice is a long ellipse in shape, is shallow, and has rather a

sharp edge.

The septa are very slender, crowded near the margin, and long and less crowded

near the centre. There are four cycles of septa in nearly all the systems. The
larger septa and the next in size reach to the centre, a small axial space existing;

they are barely exsert, faintly arched, largely granular at the sides, and often slightly

wavy. The next septa, in point of size, reach midway, and between them and the larger

on either side there are usually three very small septa. There is no columella ; and

the endotheca is scanty.

The costse are unequal in size, and correspond to the septa, so that there are in

many places three minute costse in a group, with a larger one on one side and a medium-
sized on the other. The middle of the three small costse is usually the largest, and they

are often wavy and subsinuous in their course. The larger calices are almost subcresti-

form at the ends of the coral, and may project a little here and there.
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The exotheca exists ; and a faint pellicular epitheca, with occasional growth-rings,

may be seen in some specimens.

The epitheca covers in the smaller costse in large specimens ; they show, however,

by weathering.

In full-grown specimens the calice is long, sinuous at the edge, broad, shallow, and
on an even plane. The axial space is very small. Height of corallum -^ inch.

Length of calice 1 j^^ ; breadth ^^ inch.

Height of the coral -^q inch.

Length of calice -^ inch.

Locality. West of Bhagathoro Hill, south of Sehwan, Nari group. Survey-number

Illustrations of the Species in Plate III.

Figs. 6, 7, 10. Views of the coral (2 specimens).

8, 9, 11. The arrangement of the septa.

See Plate IV, Figs. 11, 12, 13.

3. Teochosmilia Dhaeanensis, Duncan. Plate XIII, Fig. 11.

The corallum is cylindroid, tall, compressed rather from side to side, curved, and

with a broadish base and a not much broader calice. The calice is elliptical in out-

line, rather contracted, and has 60 septa in six very irregular cycles. The septa are

small, not very unequal, slender within, long, and the larger have subequal costse. The
costse project, are distant, well developed, and wavy. The exotheca is seen here and

there, and some folds of epitheca.

The base spreads rapidly from a small peduncle.

Height of corallum 2J inches.

Length of calice lyg- inch.

Locality. South-west of Dharan Pass, Nari group. Survey-number G -^.
The specimen has many of the usual Nari Nummulites on it.

Illustration of the Species in Plate XIII.

Fig. 11. The corallum: natural size.

Subfamily STYLINACE^.

Genus STYLOCCENIA, M. Ed. & J. H.

1. Styloccenia Taurineksis, M. Edw. 8c J. Haime. Plate XIH, Figs. 13, 14.

This common species is represented in the Nari series of Sind in strata west of

Bhagathoro Hill, south of Sehwan. One specimen is in the form of a rounded but irre-

gular mass, with an opening inferiorly, which seems to hint that the form has incrusted

something. Another is a fractured specimen, which was part of a thick and compressed

mass. They are both rather worn, and the projections at the angles of the calices are

small and very indistinct in the second form, and quite rudimentary or wanting in the

first. The calices are, as usual, small, tolerably close, separated by small and variable

amounts of coenenchyma, and contain six thin and slender primary septa; they

l2
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reach a very slender, styliform columella. There are six smaller or secondary

septa.

There are two calices and the intercalicular surface in xo inch.

Locality. West of Bhagathoro Hill, south of Sehwan, Nari group (Survey-

number G ^^), and near Kaduk (Survey-number G ^^).

Illustrations of the Species in Plate XIII.

Fig. 13. The corallum.

14. Some calices: magnified.

The species has been found in the older Tertiary deposits of S. Giovanni Ilarione

and Eonca, Castel Gomberto, Montecchio Maggiore, and in the Miocene of Turin,

Eivalba, and Sassello.

Subfamily ASTEJEAOE^.

Genus MONTLIVALTIA, Lamouroux.

1. MoNTLiVALTiA ViGNEi, IfAfchiac & Haime. Plate V, Figs. 9-11.

This species was described in the work on ' Les Animaux Fossiles de ITnde ' by

D'Archiac and Haime, and the side view of the type was figured by them.

The species is found in the Nari series, south-west of Dharan Pass; and the

specimen figured in Plate V shows the side view, with epitheca, costse, and exotheca,

and also a semidiagrammatic view of the calice, and a careful enlargement of some septa.

The distinguished authors above mentioned had not the opportunity of seeing a calice,

but they judged correctly that there would be five cycles of septa.

I find that there is a false columella, and that the characteristic of the species is

the very constant junction of smaller and larger septa nearer the axial space than

the margin.

Locality. South-west of Dharan Pass, Nari group. Survey-number of the speci-

men G ^l.
Illustrations of the Species in Plate V.

Fig. 9. Side view of the coral.

10. A calice : slightly magnified.

11. The junction of septa and the endotheca : slightly magnified.

Oenus DASYPHYLLIA, M. M. & J. H.

1. DASTPHrLLiA GEMMANS, Buncan, Ann.&Mag. Nat. Hist. 1864, vol. xiii. p. 299, pi. xviii.

Plate XIII, Fig. 10.

A solitary broken corallite of this species shows the incipient " collarettes " low

down, the costse well developed, and the calice, as usual, compressed and badly

preserved.

The type is in the British Museum.
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Locality. Near Eaduk, 10 miles south-east of Jhangara, in the Nari group.

Survey-number G ^7^4^-

Elustration of the Species in Plate XIII.

Fig. 10. The corallite : natural size.

Genus RHABDOPHYLLIA, Jf. Ed. &J. H.

1. Rhabdophyllia Naeiensis, Duncan. Plate XVIII, Figs. 14-16.

The corallum is short, slender, cylindroid, compressed, and marked with trans-

verse growth-rings.

The epitheca is delicate, and where worn exposes three very thin costse between

two larger ones. The fractured ends show twelve large septa with swollen internal

edges, and twelve more slender ones; and usually between these and the thicker a

minute septum exists.

The septa are crowded, and correspond to similar sized costse. There is no colu-

mella. The endotheca is scanty.

Height of corallum 1 inch
; greatest breadth -j^ inch.

Locality. West of Bhagathoro Hill, south of Sehwan, in the Nari group. Survey-

number G -7-^.

Illustrations of the Species in Plate XVIII.

Fig. 14. The corallum : natural size.

15. Transverse section : magnified.

16. Costse: magnified.

Genus LEPTOEIA, Jf. Ed. & J. H.

1. Leptobia concenteica, Duncan. Plate XXIII, Figs. 1, 2.

This species is found at the base of the Nari series, or in the topmost strata of the

Khirthar rocks ; but the type is from a higher horizon in the Gaj series.

Genus M^ANDEINA, M. Ed. & J. H.

1, M^ANDEINA Medlicotti, Duncan. Plate X, Figs. 15, 16.

The corallum is large, broad, short, somewhat convex above, and rather concave

below, where there is an epitheca.

The series are excessively gyrose and frequently bifurcate, and are almost without

any limit; they are shallow and narrow, very equal in their breadth, and the interserial

edge is sharp.

The septa are short, enlarged within, and mostly are subequal. Occasionally a

small septum intervenes, but usually the simUarity of size is remarkable.

The columella is rudimentary.

There are about twenty septa in j^ inch.
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Breadth of the corallum more than 5 inches ; height of corallum 1 inch.

Breath of a series yq inch.

Locality. Baran Eiver, south of Tong, in the Nari series. Survey-number G ^•-

Illustrations of the Species in Plate X.

Fig. 15. Part of the corallum: natural size.

16. Part of a series : magnified.

Genus PEIONASTE^A, M. Ed. & J. H.

1. Pbionaste^a insignis, Duncan. Plate V, Figs. 4-6.

The corallum is free, short, hemispherical, and has a flat, irregularly rounded, and

lobed base, and a few large calices.

The base is marked with numerous subequal low costae, more or less hidden by a

feeble epitheca.

The calices near the base look outwards, and the others more or less upwards

;

they are irregular in size and shape, but are large, deep, open, triangular or hexangular,

and are separated by stout and tall margins.

The septa are much more numerous on the sides of the tall margins than in the

midst of the calices ; they are small and close in the first place, and large, separate, and

mostly club-ended in the other. There are altogether nearly five cycles in the largest

calice, but only some twenty septa reach the boundary of the axial space. The club

end represents the base of a former spine, and the septa having it are large and dip

down into the fossa, being, moreover, separated at the wall by small ones. The colu-

mella is small, and is partly made up of the united club ends.

The margin of the calices is rather sharp and crestiform. The gemmation is

marginal and between contiguous calices.

The breadth of the base is 1 J inch, and the height of the corallum ^ inch. The

calices vary from t^ to t% inch in length, and the greatest depth of the fossa is -j^ inch.

Locality. South-west of Dharan Pass, Nari group. Survey-number G ^^.

Illustrations of the Species in Plate V.

Fig. 4. Upper part of the corallum : natural size.

5. The calices near the margin : magnified.

6. The base : natural size.

2. Prionastk^a TEiroiSEPTATA, Buncan. Plate V, Figs. 1-3.

The corallum is irregularly quadrangular at the base, the corners being rounded

more or less. A small scar of former adhesion is in the middle of the basal surface,

and small and rather close costse radiate from it, increasing in number towards the

edge, which is rather sharp. There is a slight epitheca here and there, and the basal

surface is flat.

The calicular surface of the coral is but slightly convex, and the calices are large
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and irregularly shaped ; they are shallow, open, and separated by very well-defined, low,

thick walls. The septa are close but not crowded, often wavy, long and slender ; and

the primaries and secondaries are but slightly stouter than the others ; a few have a

slight enlargement near the small trabecular columella. There are four cycles of septa

in the large calices.

Length of corallum 1-| inch ; height of corallum ^ inch.

Length of largest calice xo inch.

Locality/. West of Bhagathoro Hill, south of Sehwan, Nari group. Survey-number

G 226.
76 •

Illustrations of the Species in Plate V.

Fig. 1. Calices : slightly magnified.

2. The base : natural size.

3. A part of a calice : magnified.

Family FUNGIDM.

Genus CYCLOSERIS, M. Ed. & J. H.

1. Cycloseeis Perezi, M. Ed. & Haime. Plate XVI, Figs. 7, 8.

This well-known Eocene form appears to be represented in the Nari group in the

hills east of Trak in Kohistan. Survey-number G -g^.

It is a broken specimen, but the calice is shallow and was circular. The fossula is

circular and small ; the base is subplane, and the costse are generally visible, a small

quantity of epitheca existing. The principal difi'erence from the type is the everted

calicular edge. The European type is from Nice ; Gap ; Faudon, St. Bonnet (Hautes-

Alpes).

Illustrations of the Species in Plate XVI.

Fig. 7. The calice : natural size.

8, Showing the everted margin and costse : magnified.

Genus CYCLOLITES, Lamarck.

1. Ctclolites orientalis, Duncan. Plate IX, Figs. 19-21.

The corallum is circular in outline, nearly fiat above, rounded off at the margin,

and very slightly concave centrally inferiorly, elsewhere nearly flat. The axial space is

circular and small.

The septa are very closely placed, crowded, slender, straight, swollen at the free

end so as to imitate pali, and united by delicate synapticulse. The 12 principal septa

are evident and project outwards, and there are 24 others less prominent, and the 48

intermediate are smaller still. There are six cycles of septa complete.

The epitheca is dense, but the larger costse project beneath it.

The breadth of the corallum is nearly five times the height of it ; and in the type

the measurements are, breadth ^ inch and height not quite -^o inch.

Locality. Lundi Hill, eight miles south of Jhangara, Nari group. Survey-number

G302."T3 •
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Illustrations of the Species in Plate IX.

Fig. 19. The calicular surface : slightly magnified.

20. The septa and their paliform ends : magnified.

21. Septa near the margin : magnified.

Specimens of larger size than the type and with slight peduncles are from hills east

of Trak, Kohistan, Nari group. Survey-number G ^^i-.

Group MADREPOKAEIA PERFORATA.

Family FOBITIDM.

Genus LITHAE^A, M. M. & J. H.

1. LiTHAU^A NODULOSA, Buucan. Plate XIX, Figs. 4, 5.

,

The corallum is in the shape of short stunted branches, which are covered with

irregularly quadrangular shallow calices with thick perforate walls. The shape and

size of the calices is irregular, and the septal distribution also, there being from 20 to

30 stoutish septa. There is a small or rudimentary columella in some calices, whilst it

is long in others. The calices are crowded.

Height of corallum 2 inches.

Breadth of calices to to ^ inch.

Locality. Near Raduk, ten miles S.E. of Jhangara, Nari series. Survey-number

G30274 •

Illustrations of the Species in Plate XIX.

Fig. 4. The coral : natural size.

5. A calice : magnified.">=)•

List of the Species of Fossil Corals which are found in the Nari Series of Sind,

and which are identical with those found in other localities.

Trochocyathus cyclolitoides, M. Ed. & J. Haime. Also in the Nummulitic deposits

of the Pyrenees and S. Giov. Ilarione. Eosazzo in Friuli.

Stylophora pulcherrima, D'Achiardi, Common at Eosazzo in Friuli.

Trochosmilia varicosa, Eeuss. In the Oligocene of Crosara.

Styloccenia Taurinensis, M. Ed. & J. H. At Eonca, S. Giov. Ilarione, and in the

Miocene of Turin, Eivalba, &c.

Cycloseris Perezi, M. Ed. & J. H. Gap ; Nice ; Faudon, St. Bonnet (Hautes-Alpes).

There are 20 species of Fossil Corals in the Nari series, and one of them is found

at a higher horizon. Of these, one quarter are found in the Upper Nummulitic and

Oligocene deposits of Europe.

Hence the examination of the specimens of Corals from the Eanikot, Khirthar,

and Nari series of Sind yields 76 species and several varieties.
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X. Description of the Fossil Corals from the Gdj Group in Sind.

List of Species of Madreporaria from the Gaj group or the series above the

Nummulitic rocks of Sind.

Section MADREPORARIA.

Group MADEEPORAEIA APOEOSA.

Family TUBBINOLID^.

Subfamily Caexophtlliace^.

Caryophyllia Gajensis, Duncan.

Subfamily Teochocyathacba

Trochocyathus Gajensis, Dutican.

Transition-group Sttlophoeikj.

Stylophora confusa, Duncccn.
\

Stylophora mmuta, variety, Duncan.

Family ASTBJEID^.

Subfamily STTLiifAOE*.

StephanoccEnia maxima, Duncan.

Subfamily Aste^EACE^.

Antillia plana, Duncan.

Indica, Duncan.

Montlivaltia Jacquemonti, J. Haime.

DasyphylKa, species.

Leptomussa rugosa, Duncan.

Calamophyllia elongata, Duncan.

Leptoria concentrica, Duncan.

Monticulastraea insignis, Duncan.

solidior, Duncan.

inaequalis, Duncan.

elongata, Duncan.

Heliastrsea Sindiana, Duncan.

digitata, Duncan.

anomala, Duncan.

Brachyphyllia Indica, Duncan.

Plesiastrsea costata, Dwnean.

decipiens, Duncan.

pedunculata, Duncan.

D'Achiardia densa, Duncan.

lobata, Duncan.

Latimeeandra parvula, Duncan.

Eeussi, Duncan.

Gajensis, Duncan.

Prionastrsea Gajensis, Duncan.

fungiformis, Duncan.

Cladocora Haimei, Duncan.

EcUnopora miocenica, Duncan.

maxima, Duncan.

Pachyseris affinis, Duncan.

exarata, Duncan.

Family FUNQIDM

Cycloseris magnifica, Duncan.

Agaricia Danee, Duncan.

M
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Qrowp MADEEPOEAEIA PEEFOEATA.

Subfamih/ Madbepobina
Madrepora, species.

Subfamily T'nnBmtA.niisx.

Turbinaria Sitaensis, Duncan.
|

AstrsBopora hemisphserica, Duncan,

Family POBITIDJE.

Porites Gajensis, Duncan.

Section MADBEFOEAEIA.
Group MADEEPOEAEIA APOEOSA.

Family TVRBINOLIDM.

Subfamily GARTOPHYLLIAOE^.

Genus CARYOPHYLLIA, LamarcTc.

1. Caeyophyllia Gajensis, Duncan. Plate XXIV, Figs. 2, 3.

The corallum is short, with a large base of attachment and a large circular, very-

open, shallow calice. The pali form a very distinct raised ring around a very small

columella, on which a few papillae may be seen. The septa are unequal in size, much

thickest near the margin, and the primaries and secondaries resemble each other, pass

far inwards and have pali before them ; the next orders are not so large, and the higher

orders pass but a short distance inwards. There are about 72 septa, and about 20

shorter stout dentate pali. The costse are well developed, are alternately large and

small, and the epitheca is in bands.

Height of the corallum yq inch. Breadth of calice -yq inch. Breadth of base^ inch.

Locality. Sita Nai, Gaj series. Survey-number G ^^.

Illustrations of the Species in Plate XXIV.

Fig. 2. The corallum : side view.

3, The calice : magnified.

Subfamily TEOCHOGYATHAOEM.

Genus TEOCHOCYATHUS, M. Ed. & J. K
1. TEOCHOCYATHUS Gajensis, Duncan. Plate XXIII, Figs. 3, 4.

The corallum has a flat elliptical base, from which the sides slope with concave

curves to a widely open, oval-elliptical, slightly bilobate calice, whose minor axis is on a

higher plane than the major. The cpstee are numerous, irregularly arranged, sub-

equal and distinct to the base. The large septa are about 48 in number, and many
minute rudimentary ones exist. The larger septa are stout, and the pali are small but

distinct, those before the larger septa being the largest.

Locality. Sita Nai, Khirthar range, Gaj series. Survey-number G ^^.
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Illustrations of the Species in Plate XXIII.

Fig. 3. Side view : natural size.

4. The base and costse : magnified.

Transition^rowp 8TYL0PE0BIMJE.

Genus STYLOPHOEA, Blainville.

1. Stylophoea confusa, Duncan. Plate XXIII, Fig. 7.

The corallum is nodular here and there, and the calices are very close and crovpded,

a small ridge formed by the close margin separating them ; the margins are fused in

some places ; and the calicular fossa is rather deep. There are six septa visible, and a small

columella. There are three calices and their intermediate ridges in x& inch of length.

Locality. Dumb, Sehwan-hill road, Gaj series. Survey-number G ^^.

Illustration of the Species in Plate XXIII.

Fig. 7. Calices: magnified.

2. Stylophoea minuta, Duncan, variety. Plate XXIII, Fig. 6.

This species vpas described by me in the description of the Fossil Corals of the

West-Indian Islands (part iv.), ' Quarterly Journal of the Geological Society,' December

1867 (vol. xxiv. p. 14). The type unfortunately broke up ; but the small calices, the

broad interspace without ornamentation, the six septa, and the large styloid columella

were very characteristic. The present specimen, from Naigh-Nai valley, south-west of

Manchhar Lake, resembles the type, especially in the plain and faintly granular coenen-

chymal area, in the plain projection of the calicular margin, and in the want of costae.

The columella is small, however, and this constitutes the only variation. The type

was from Miocene beds of Trinidad.

Survey-number G ^^.

Illustration of the Species in Plate XXIII.

Fig. 6. Calices : magnified.

Family ASTE^ID^.

Subfamily STTLINACE^.

Genus STEPHANOCCENIA, M. Ed. & J. H.

1, STEPHANOCCENIA MAXIMA, Duncan. Plate XXV, Figs. 1, 2.

The corallum is thick, large, and massive, and the base is almost a flat surface.

The calices are large, slightly raised above the common surface, with a thin costulate

and rather wavy margin ; they are slightly elliptical in. outline, very shallow, and are

crowded with very unequal septa. The calices are separated by coenenchyma, over

which the larger costae pass, touching those of the surrounding calices, which are

usually at a distance of half a calice's breadth from each other.

m2
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There are six large septa, which, are straight, level, usually larger near the columella,

and normally have pali vs^hich are expanded sideways or are nodular. The primaries

are separated by as many smaller secondaries, which are stout, and enlarge and expand

near the columella into small pali ; the twelve interseptal spaces thus produced

include very small septa, usually one in each, but occasionally three are crammed in-

These tertiary septa are small, and do not reach far inwards. The columella is well

developed and styloid, but rectangular and compressed in shape. In some calices the

twelve larger septa are united at their internal margins by lateral expansions.

The costse are unequal in size, being attached at the margin to all the septa, and

it is only those of the primaries and secondaries that reach the intercalicular space.

The corallites are very long ; endotheca is rare ; and the free inner margins of the

septa are denticulate.

Height of corallum 3f inches; length probably some feet. Length of largest

calice rather more than ^o inch.

Great masses of this coral exist with the septa and columella worn away, or in

the form of casts.

Locality. Dumb, Sehwan-hill road, Gaj group. Survey-number G t^-.

Illustrations of the Species in Plate XXV.

Fig. 1. A calice: magnified.

2. Part of a calice seen from the side : magnified.

Subfamily ASTBJEACEJE. ' '"

Oenus ANTILLIA, Duncan.

1. Antillia plana, Duncan. Plate XXIII, Fig. 5.

This species was described in 1864, in my essay on some Fossil Corals from Sind,

in the ' Annals and Magazine of Natural History ' (1864, vol. xiii. p. 300, pi. xviii.

fig. 5). A specimen has been found at Dumb, Sehwan-hill road (Survey-number G ^i),
in the Gaj series. The new form is of the same size as that already described, but the

outline of the calice is circular.

The corallum is very short, and has a flat base which nearly equals the calice in

diameter; the columellary space is small and the calice is shallow. The septa are

numerous, and there are at least five cycles of them ; they crowd near the margin, and

only the larger reach far inwards. Epitheca is noticed here and there, and the costse

are moniliform externally.

Breadth of calice 1-^ inch. Height of the coral ^ inch.

Illustration of the Species in Plate XXIII.

Fig. 5. The corallum : natural size.

2. Antillia Indica, Dimcan. Plate XXIV, Fig. 11.

The corallum is tall and conical, is elliptical at the widely open calice, and the

columella is small. The septa are very unequal. The epitheca is in transverse folds,
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and it comes well up to the calicular margin. There are nearly six cycles of septa, and
the majority reach far in towards the axial space. The larger septa appear to have been
lobed within and ragged on their free surface near the calicular margin.

Height nearly 3 inches.

Length of the calice 2-j^ inches.

Locality. North-west of Lal-Bakhar range near Karachi, in the Gaj series.

Survey-number G ^^.

Illustration of the S^pecies in Plate XXIV.

Fig. 11. The corallum and calice: natural size.

Oenus MONTLIVALTIA, M. Ed. & J. H.

1. MoNTLiVALTiA Jacquemonti, D'ArcMac & Haime. Plate XXIV, Fig. 4.

The corallum is straight, conical, thick, moderately tall, compressed slightly,

especially in its middle. The epitheca is strong and forms growth-rings. The calice is

elliptical, more or less in the form of the figure 8. The axes of the calice have the ratio

of 100 : 170 ; the summit of the smaller axis is slightly higher than that of the larger.

There are 120 well-developed septa, moderately slender, straight, alternately large and

small, and between them is a corresponding number of rudimentary septa. The height

of the corallum may be more than 2 inches. The endotheca is well developed.

Messrs. D'Archiac and J. Haime do not give the locality whence the coral was

derived, but state that it is peculiar to Sind.

The specimen found by the Geological Survey is in height 2^ inches, and the

breadth of the calice is 1^^ inch.

Locality. Dumb, Sehwan-hill road, in the Gaj series. Survey-number G ^^f-.

Illustration of the Sj^ecies in Plate XXIV.

Fig. 4. The corallum : natural size.

Genus DASYPHYLLIA, M. Ed. 8f J. H.

1. Dastphtllia, species. Plate XXIII, Fig. 10.

A portion of a small Lasyphyllia allied to LasyphylUa gemmans, Duncan, is from

south of Magar Pir, Karachi, Gaj series. Survey-number G ^5^1^.

Illustration of the Sj^ecies in Plate XXIII.

Fig. 10. Part of a corallum : natural size.

Genus LEPTOMUSSA, Beuss.

1. Leptomussa kugosa, Duncan. Plate XXII, Fig. 8.

The corallum is simple, tall, compressed, very irregular in its growth, being con-

stricted here and there above its broad pedunculate base. The calice is elongate,

deformed, rather deep, and without a columella. The costse are exceedingly developed,



86 THE FOSSIL CORALS AND

and in many places are spined ; they are distant, projecting, and subequal. There is

no epitheca, but some exotheca exists between the costae. The septa are unequal,

numerous, and crowded ; the primaries are large, and the higher orders are long, slender,

and wavy, and relate to the larger costae.

The genus has its type, Leptomussa variabilis, D'Achiardi, in the Nummulitic of

Italy. The form from Sind approaches a true Mussa which has not yet undergone

fissiparity ; but it is an old individual and fully developed.

Height of coral-lum 2-^ inches.

Length of calice If inch.

302
61 •Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G

Illustration of the Species in Plate XXII.

Fig. 8. The corallum : natural size.

Genus CALAMOPHYLLIA, M. Ed. & J. H., amended 1831.

1. Calamophyllia elongata, Duncan. Plate XVIII, Figs. 17-20.

The corallum is in long, more or less cylindrical pieces which seldom branch, and

then from one side. The corallites are of the same slender character for considerable

spaces; they are smallest at the base or point of origin from others, and frequently the

calice is contracted ; they are nearly straight, cylindrical or angular here and there,

and are marked with very distinct rather distant costse, some of which are much
larger than others. From 24 to 36 costse exist in large specimens, and are wavy, sharp,

narrow, and much smaller than the intercostal space, in which there is often a low

rounded ill-developed costa. As a rule, the costae correspond to large septa only.

The septa, few in number, are wide apart, and are alternately large and small ;

they are tapering, and do not quite reach the axial space. Some are rudimentary and

curve close to the wall. There are 36 to 40 septa of all sizes in a well-developed

specimen.

There is no columella, and the axial space is vacant. A few endothecal dissepi-

ments exist. There is no epitheca, and there are traces of a few exothecal dissepiments.

A few irregular swellings of the thin wall occur as collarettes.

Height of longest corallite 4 inches. Breadth of widest corallite ^ inch.

Locality. Nari Nai, Khirthar range, Gaj series. Survey-number G ^^.

Illustrations of the Species in Plate XVIII.

Fig. 17. Corallite : natural size. a. A long corallite,

18. Outlines of calices : natural size.

19. A section of a corallite : magnified.

20. Costge: magnified.
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Genus LEPTOEIA, M. M. & J. H.

1. Leptoeia coNcaENTEiCA, Duncan. Plate XXIII, Figs. 1, 2.

The corallum is large, flat, circular in outline, broadly pedunculate, thin at the

edges, and rather concave centrally above.

The series are very long, and many form almost perfect circles one within the

other, so that the surface presents the appearance of a number of furrows and ridges

arranged in irregular concentric circles.

The ridges are sharp and equal, the valleys are broad and deep, and each of the

series is uninterrupted by calices. The columella is very small, but it is clearly lamellar.

The septa are small, alternately larger and smaller, the first kind reach to the axis

of the valley and enlarge there, the smaller come down to it more or less. Buds of

an Hi/dnophora have settled themselves in some of the series.

The peduncle is short and broad ; the base is marked concentrically by a ridge ; and

there appears to have been an epitheca.

Height of the coral IJ inch ; breadth originally 8 inches.

Length of series 10 inches, 8J inches, to about 3 inches ; breadth about ys iJich.

Locality/. Dumbar range, south-west of Tong, Gaj series (Survey-number G -5^-) ;

also at Maliri, south of Chotra, in the Khirthar or Nari series (Survey-number G -^i-).

Illustrations of the Species in Plate XXIII.

Fig. 1. The corallum: natural size.

2. Some septa: magnified.

MONTICULASTE^A, gen. nov.

The corallum is massive or foliated, pedunculate, irregular at its upper surface, an

the base is covered with crowded radiating costse. The septa are in very irregular

small series, so that each colline is small and either pointed or very short, and hence

the series often present a papillary appearance. The septa are small, numerous, do not

touch those of the other side of the axial space, and are united by a highly developed

endotheca. There is a columella which is continuous around the coUines ; it is lamellar,

but convex above, and is readily worn away.

This genus is a Hydnophora with a columella and with non-continuous septa.

1. MoNTicuLASTR/EA iNSiGNis, JDuncan. Plate XXVI, Figs. 1-3.

The corallum is very large, thick in some parts, and thin at the edges. The small

close collines are very numerous, very irregular in their size, not in any regular lines,

^nd are short. The colline edge is short. The ^epta, alternately long and short and

large and small, are slender and close ; probably three cycles of them exist around the

largest colline.

The columella is well developed. The costse are exceedingly numerous.

Height of the corallum 2^ inches ; breadth about 14 inches.
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There are about 6 or 8 collines to an inch. Height of collines under i% inch.

Locality. Magar Pir, near Karachi, base of Gaj group. Survey-number G ^f^.

Illustrations of the Sjpecies in Plate XXVI.

Fig. 1. Part of the corallum.

2. Collines: magnified.

3. Endotheca and columella : magnified.

2. MoNTicuLASTE^A SOLIDIOE, Buncau. Plate XXVI, Figs. 5, 6.

The corallum is large, very thick, and nearly plane on its upper surface. The

collines are stout, low, unequal, and often curved ; and the septa are alternately large

and small, but are of equal length. The tip of the collines is blunt, rounded, and

sometimes notched. The columella is thin and linear.

Height of the corallum 3 inches.

Length of collines yq^^ tq inch. Six septa to -^q inch.

Locality. Sita Nai, Khirthar range, Gaj group. Survey-number G -^-f^.

Illustrations of the Species in Plate XXVI.

Fig. 5. Part of the upper portion of the coral : natural size.

6. AcoUine: magnified.

3. MoNTicuLASTB^A iNiEQTJALis, Buncan. Plate XXVI, Fig. 4.

The corallum is solid, thick, and the upper and lower surfaces are flat. The

collines are very irregular in their size, shape, direction, and length : some are long,

broad, straight, or curved ; others are minute, low, and at all angles with the larger.

The columella is distinct, and the septa (alternately large and very slender and small) are

of equal length.

Height of corallum 1 inch to 1^ inch.

Length of large collines l^^o ™ch ; of small collines to to ^ inch. Number of

septa to xo inch, six large and six small.

Locality. Near Unahar, Khirthar range, Gaj group. Survey-number G ^^.

Illustration of the Species in Plate XXVI.

Fig. 4. Upper part of the corallum (part of) : natural size.

4. MoNTicuLASTE^A ELONGATA, BwTbcan. Plate XXVII, Figs. 1, 2.

The corallum is very large, in flat branches, which are covered on all sides with

very numerous, small, yet elongated narrow series, their diminutive height and length

contrasting with the bulk of the mass. The direction and size of the series are very

variable, and small collines are occasionally seen in the axial spaces of others. The

collines are blunt at the top and never high ; the valleys are narrow ; and the columella

is distinct as a lamellar ridge in the axial space ; it is low and distinct (but it often has

been destroyed). The septa do not unite at the axial space ; they are frequently
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swollen there, and always are alternately large and small and rather crowded, and there

are about 16 to ys inch.

The length of the coUines is from less than a line to 1 inch, and the distance from

the top of one to that of its neighbour is under -^ inch.

Length of the coral (a broken specimen) 10 inches, and the breadth is about

4 inches ; thickness 1^ inch.

Locality. South-east of Bill, Gaj series. Survey-number G ^£-^.

Illustrations of the Species in Plate XXVII.

rig. 1. Part of the corallum: natural size.

2. CoUines : magnified.

Genus HELIASTE^A, M. Ed. & J. H.

1. HELiASTEiEA SiNDiANA, Buncan. Plate XXVII, Figs. 3, 4.

The corallum is short and broad, irregular on its nearly plane upper surface, thin at

the more or less circular margin, and indistinctly pedunculate. The base expands rapidly

;

and is covered with a dense epitheca, on which costae are not seen. The calices, unequal

in size, are circular or slightly deformed in outline ; the margin is sharp ; the septa are

not exsert, but pass down into the deep fossa ; and the costse are feebly developed, and

do not pass down far on the outside, and not much on the intercalicular spaces. The

normal number of septa is four cycles ; they are alternately long and short ; all are

rather small, and the longer are often furnished with paliform teeth. In the smaller

calices there may be 24 or 36 septa ; but the alternate large and small septa are charac-

teristic. The columella is moderately well developed.

Height of corallum If inch ; breadth 5 to 6 inches.

Breadth of calices f to ^ inch.

Locality. Magar Pir, near Karachi, base of Gaj series. Survey-number G ^^.

Illustrations of the Species in Plate XXVII.

Fig. 3. The corallum (a part of) : natural size.

4. Some calices : magnified.

2. Heliastrjia digitata, Buncan. Plate XXI, Figs. 7, 8.

The corallum is compressed, digitate, and covered with numerous crateriform

calices, the intermediate tissue being covered with costse.

The truncated conical ends of the corallites are either symmetrical or oblique, and

the costEB are alternately large and small : the larger costae pass down the wall to

the intercorallite spaces. The calice is very shallow, and the columella very small.

The septa are very unequal : usually the six primaries are large and distinct, and the

six secondaries are smaller than they are, but larger than the short tertiaries. There

are often only twelve septa. The calice is often contracted, and the costae are larger

than the septa.

N
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Height of corallum 3J inches ; breadth 1 inch.

There are about six corallites and intermediate structure to the length of 1 inch.

Locality. South-east of Bill, Gaj series. Survey-number G ^^.

niustrations of the Species in Plate XXI.

Fig. 7. The corallum : natural size.

8. Calices : magnified.

3. Hbliaste^a anomala, Duncan. Plate XXI, Fig. 10.

The corallum is very short, covers a wide extent of surface, is nearly flat above, and,

although pedunculate, has almost a flat base covered with radiating longitudinal folds

of epitheca.

The calices project but slightly, are irregular in shape and separate, and costae pass

down into the intercorallite spaces. The calices are shallow, oblique, circular, or deformed

or elliptical ; and the columella is very small. The septa at the margin are very thick, and

within the fossa are distinct, narrow, as a rule wide apart, unequal, and in four cycles

;

usually some of the primaries are very distinct and long. Dissepiments are rare. The
corallum is many inches long and about 1 inch thick.

The diameter of the calice is from t^ to -j^ inch.

Locality. South-east of Bill, Gaj series. Survey-number G ^^-.

Illustration of the Species in Plate XXI.

Fig. 10. Some calices : natural size.

Genus BEACHYPHYLLIA, Reuss.

1. Bkachtphtllia Indica, Duncan. Plate XXI, Fig. 2.

The corallum is massive, convex above, circular in outline, and flat below. The
coraUites are large, united by exotheca, and the costse of neighbouring calices often

unite. The calices are circular, oval, elliptical, and irregular in outline, shallow and
crowded with septa, which pass so far upwards that there is barely a columella. The
septa are in five cycles in six systems in the largest calices, and are alternately large and
very small ; and this is the case with the costae also. The exotheca is well developed.

The distances of the calices differ ; some are wide apart and others are crowded.
Height of corallum 2 inches ; breadth 7 inches.

Length of calices f to 1 inch.

Locality. Dumb, Sehwan-hill road, Gaj group. Survey-number G ^^^.

Dlustration of the Species in Plate XXI.

Fig. 2. A portion of the corallum : natural size.
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Genus PLESIASTE^A, M. Ed. & J. H.
I*

1. Plesiaste^a costata, Bwncan. Plate XXIV, Figs. 9, 10.

The corallum is massive, nearly fiat above, and short. Numerous corallites project,

some obliquely from the common surface over which the costse pass, and most are

in cones, vpidely truncated and crateriform, whilst a few are oval or elliptical in their

calicular outline. The calices, usually circular in outline, are not deep, and the well-

marked costse merge into thick and exsert septa at the margin. The septa, not crowded,

are alternately large and very small, are thick at the wall, and the larger become

thinner as they plunge with an arched edge into the fossa, to end in blunt

nodular-shaped, compressed pali : there are four cycles in the largest calices, and the

pali are before all except the last, whose septa barely project within the wall. The

columella is large and strongly papillary. The costse are thicker than the septa, cover

the outside of the wall, are stout, wide apart, and have rounded projections on them

;

The smaller are in contact with the smaller septa.

Diameter of calice \ inch.

Height above common surface -^q inch.

Locality. Naigh Nai, south-west of Sehwan, Gaj series. Survey-number G \^.

Illustrations of the Species in Plate XXIV. .

Fig. 9. A portion of the coral : natural size.

10. A calice : magnified.

2. Plesiaste^a decipiens, Duncan. Plate XXI, Figs. 3, 4.

The corallum is very large, massive, and slightly gibbous on its upper surface. The

corallites are more or less raised above the common surface and have well-marked costse.

The corallites are united by much exotheca, and the bluntly but distinctly spined costse

pass over it. The calices, usually circular, vary greatly in size ; the larger project, and

have a very shallow fossa and the costse well marked around the margin, whilst the

smaller, equally complete, often barely project.

The columeUary space is circular and distinct, and the columella has small papillse

on it. The septa vary much in number ; but the larger are subequal, and a minute one

is between them. According to the size of the calice, there may be 9, 10, 12, to 16

large septa, and as many rudimentary ones. The costse are well developed, stand out,

and are bluntly spiny, especially near the intercalicular surface. Small but very distinct

elongations of the large septa exist, resembling pali.

The budding is extracalicular and on the common exothecal surface. The pali

are small and before the long septa.

Height of specimen 2 inches.

Diameter of the calices : largest, \ inch ; smaller, xo inch.

Locality. Sita Nai, Gaj series. ,
Survey-number G ^-.

n2
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niustrations of the S^pecies in Plate XXI.

Fig. 3. Part of the corallum : natural size.

4. Calices: magnified.

3. Plesiaste^a pedunculata, Duncan. Plate XXI, Fig. 9.

The corallum is short, large, circular in outline, slightly irregularly convex or

plane above, pedunculate, and with an epitheca in longitudinal folds, the costse being

slightly visible. The calices are large, very irregular in size and shape, not standing up

much above the common surface on which their costse pass, shallow, and with large

septa and very small pali. The septa in the largest calices are nearly equal ; but usually

a small septum is between the large, so as to make four cycles or more. The costse are

large, bluntly spined, and a rudimentary one is often between two larger.

Height of corallum If inch ; breadth 5 inches.

Breadth of calice ^ to -5^ inch.

Locality. South-east of Bill, Gaj series. Survey-number G ^.

Illustration of the Species in Plate XXI.

Fig. 9. Some calices : magnified.

D'ACHIAEDIA, gen. nov.

' The corallum is massive. The corallites are small, slightly exsert above the thick,

solid, common upper exothecal intercorallite coenenchyma, or are imbedded, as it were,

in it ; they are long and slightly costulate. The calices are shallow, and there is a

columella, and some pali are also seen. Fissiparity occurs, but is rare.

1. D'AcHiAEDiA DENSA, Buncan. Plate XXI, Figs. 5, 6.

The corallum is large, irregularly cylindrical, and roundedly conical above. It

is covered with numerous calices, most of which are shallow and circular, and sepa-

rated by more or less granular surface.

There are three cycles of septa, which are alternately long and short, pali being

usually before the larger.

The columella is small. The costse are distinct on the flanks of the corallite,

but not on the coenenchyma. The coenenchyma is very solid;

Height of the corallum 5 inches.

Breadth of the base nearly 2^ inches.

Breadth of a calice -f^ inch.

Locality. Nari Nai, Khirthar range, Gaj series. Survey-number G ^-§-8-.

Illustrations of the Sjpedes in Plate XXI.

Fig. 5. The corallum : natural size.

6. Calices: magnified.
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2. D'AcHiARDiA LOBATA, Buncan. Plate XXI, Figs. 4, 5.

The corallum springs from a small, narrow, compressed base, and rises into a flat,

lobate, rounded, gibbous frond, which is covered with calices, more or less oblique in

direction, sometimes deformed and separated by much ccenenchyma. The costae are

rudimentary. The columella is rather large and flat, and minutely papillose. The septa,

usually 24 in number, alternately large and small, often have pali. The calicular

margins are slightly above the level of the common ccenenchyma, which is minutely

lamellar or granulate.

Height of corallum 3 inches ; length 3J inches ; breadth about f inch.

Diameter of calices j^ to -yq inch.

Locality. South-east of Bill, Gaj series. Survey-number G -^^ 3
3

Illustrations of the Species in Plate XXI.

Fig. 4. The upper surface of the corallum : natural size,

5. A calice: magnified.

Genus LATIMtEANDEA, B'Orh.

1. Latim^andea parvula, Buncan. Plate XXII, Figs. 1, 1*.

The corallum is large, thin, much foliated, and is gibbous above, and more or less

costate and epithecate below, where there are sometimes long grooves and eminences

corresponding with lines of calices above.

The calices are small, excessively variable in size, and the series, which are rare,

are usually narrow and short. The margins are sharp ; the fossa is usually deep ; and

the septa are of two kinds ; one set is very small and close to the margin, and the

other, wide apart, have strong, often curved and arched laminae. The septa are few in

number, and there are not more than 30 in full-sized non-serial calices. The columel-

lary space is very small. The septa often meet in points above the margin. The walls

are stout, and the endotheca is well developed and arched.

Height of specimen § inch.

Width of average calices six to ^o inch.

Length of average series j-q inch to j inch.

Locality. Magar Pir, near Karachi, base of Gaj group. Survey-number G ^^.

Illustrations of the Species in Plate XXII.

Fig. 1. Calices : magnified.

1*. A part of the corallum : natural size.

2. Latim^andea Eeussi, Buncan. Plate XXV, Fig. 5.

The corallum is large, short, unequally convex and gibbous above, and pedunculate

and concave below. It is rather thin here and there and at the edges. A delicate

pellicular epitheca covers the distant subequal costse on the base.

The calices are excessively variable in shape within any given space : some are
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pentangular, others are hexagonal in outline, and the rest form longer or shorter series,

some being straight and others curved. The fossa is moderately deep, the columella is

rudimentary, and the walls are thin, but united. The equality in thickness and in

relative distance of the septa is very striking ; they are slender, usually straight and

subequal, and there are three cycles, and not a perfect fourth, in the non-serial calices.

Height of corallum 2 inches ; breadth 6 to 10 inches.

Breadth of ordinary calices t^ to -^ inch.

Length of series about ^ inch.

Locality. South-east of Bill, Gaj series. Survey-number G ^-.

This species is closely allied to Latimceandra limitata, Eeuss, from the Upper

Nummulitic of Italy ; and I name it after my lamented friend.

Illustration of the Species in Plate XXV.

Fig. 5. A part of the corallum : natural size.

3. Latim^andea Gajensis, Duncan. Plate XXV, Figs. 3, 4.

The corallum is large, pedunculate, nearly flat inferiorly, circular more or less in

outline and thin at the edges, and irregular and gibbous on the upper part. There is

an epitheca on which the costse are visible here and there, and they are subequal,

distinct, branching, and slightly granular. The calices are mostly in short and deformed,

rather than in straight series; they are deep, and are separated by a stout wall. The

septa are very small, crowded, especially at the wall, not exsert, and a few become

enlarged near the axial space, where no columella is visible. In some regularly shaped

calices, which have not become serial, there are nearly five cycles of septa. The
epitheca in some places is in longitudinal or radial projections.

Height (extreme) 1J inch ; length 6 iuches.

Locality. Magar Pir, at the base of the Gaj group near Karachi. Survey-number

G^fA.

Illustrations of the Species in Plate XXV.

Fig. 3. Calices : natural size.

4. Calices: magnified.

Qenus PEIONASTE^A, M. M. d J. H.

1. Pkionaste^a Gajensis, Duncan. Plate XXII, Fig. 3.

The corallum is large, massive, broadly pedunculate, broad and rather convex

above, circular in outline, and the rapidly expanding base has longitudinal eminences

and depressions. The calicular surface has a few (18 in the type) large, deep, somewhat

irregularly shaped calices, which are united by stout, well-developed walls, which pro-

ject irregularly. The columella is small. The septa are long, distinct, do not project

much, subequal, spined, and numerous, and, as a rule, there are more than four cycles

and less than five of them.
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The epitheca is distinct, and barely a trace of costse exists. The endotheca is very

well developed.

Height of corallum nearly 2 inches.

Breadth of upper surface 4 inches.

Length of calices about 1 inch.

Locality. South of Magar Fir, near Karachi, Gaj series. Survey-number G ^^^.

Illustration of the Species in Plate XXII.

Fig. 3. The corallum : natural size.

Probably Cyathoseris magnifica, Duncan, "Sind Corals," Ann. & Mag. Nat. Hist.

1864, xiii. p. 304, is this species, the presumed synapticulee being the worn dissepi-

ments ; but I am not satisfied on the point.

2. PEIONASTE.EA FUNGiFOEMis, DvMcan. Plate XXI, Fig. 1.

The corallum is large, low, circular in outline, very slightly convex above, thin at

the edge and pedunculate, and slightly concave beneath. There is a slight epitheca, but

usually the costse and exotheca are visible.

The calices, rarely circular, are polygonal, irregular in size and shape, and have

wide united walls, the septa being continuous. The fossa is shallow and open ; the

columella is trabecular and well developed. The septa are wide apart, nearly equal,

and some reach further in than others. The septal number presents much variation ;

but in the largest calices there are not more than 28, and usually there are about 24.

The gemmation is marginal.

Height of specimen I inch ; breadth 7 iaches.

Length of largest calice 1% inch.

Locality. Near Unahar, Khirthar range, Gaj series. Survey-number G ^-.

Illustration of the Species in Plate XXI.

Fig. 1. A portion of the upper surface : natural size.

Genus CLADOCORA, M. Ed. & J. E.

1. Cladocora. Haimei, Duncan. Plate XXIII, Figs. 8, 9.

This species was described from Sind by me in the ' Annals & Magazine of Natural

History,' April 1864. The coralli.tes are long and slightly flexuous ; the buds are few ;

the calice is usually circular, but often deformed. The septa are small and delicate, and

the larger are smaller than their costse ; there are three cycles of them, more or less

complete. The columella and pali are small. The costsB are alternately large and

small, and some are much produced.

Calices ^ to ^^ inch across.

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G^.
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Illustrations of the Species in Plate XXIII.

Fig. 8. Side view of pieces of a corallum.

9. Calice : magnified.

Genus ECHINOPOEA, Lamarck.

1. EcHiNOPORA MiocBNiCA, tfuncan. Plate XXII, Fig. 2.

The corallum is frondiform, lamellar, and covering much space, but it is rather thin.

The calices are well separated, and form distinct projections somewhat in regular

transverse lines ; they are large, shallow, rather elliptical, and the columella is very

small. The septa are short, rather equal, and may be from 12 to 24 or more in

number, and they are spined. The costse are long, straight as a rule, separated, spined,

and are continuous with the septa of neighbouring calices, especially with those not

close at the sides of the others. The endotheca beneath the costse is highly developed.

The epitheca exists, and there are faint striations on it.

Length of a calice ^ inch, and its costal prolongations to others, including the

calice, 1-^ inch.

Locality. South-east of Bill, Gaj series. Survey-number G -^.

Illustration of the Species in Plate XXII.

Fig. 2. The upper surface of a worn corallum : natural size.

2. EcHiNOPOEA MAXIMA, Duncan. Plate XX, Fig. 7.

The calices are very large, elevated, elliptical, and shallow. The septa are crowded'

large, subequal, and in three cycles. The columella is indistinct, but exists. The costse,

very large, are bluntly spined and hollow here and there ; they are flexuous and sub-

equal. The epitheca is thick and faintly striated.

Breadth of the calice -^ inch ; length of the calice 1 inch ; height of the calice

j^o inch.

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G -^^.

Illustration of the Species in Plate XX.

Fig. 7. The calice : natural size.

Family FTINGIB^.

Genus PACHYSEEIS, M. Ed. & J. H.

1. Pachtsebis appinis, Duncan. Plate XXIV, Figs. 7, 8.

The corallum is thin, and has formed part of a large, irregular, gibbous expansion.

The series are very long, broad, and only slightly curving here and there from the

straight course ; the valleys are broader than the intervening coUines, which are broadly

convex, slightly flat at the top, and passed over by crowded septa. The columella is
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rudimentary. The septa, alternately large and small, are long, and the larger reach

furthest to the columellary line. The base is marked by fine costal striations, and the

synaptieulse are rare everywhere.

The breadth of a coUine at its base is considerable, and from -^g to -^ inch. About

from 7 to 10 septa in xo inch.

Locality. Maki Nai, in the Gaj series. Survey-number G -^.

Illustrations of the Species in Plate XXIV.

Fig. 7. A part of the corallum : natural size.

8. A part : magnified.

2. Pachyseeis exaeata, Duncan. Plate XXIV, Figs. 5, 6.

The corallum is very large, flat above and below, and the series are excessively long,

nearly straight, and rarely bifurcate. The valleys are wide, shallow, and unequal ; and

the collines are low, slightly oblique, broad at the base, and rounded where free. The

septa are close, crowded, narrow, and subequal on the collines, which they cross ; but

near the columella they become unequal and alternately large and small. The larger

septa reach the columella, expand parallel with it, and join it by means of delicate

trabeculse. The smaller septa become slender near the columella, and may or may not

reach it. In some parts smaller septa reach from the collines a little way into the

valley, and are placed between those already noticed. The columella is distinct, has a

lamellar tip which is not continuous, and in some places it is out of the axial line. The

synaptieulse are rare.

The length of some series is considerably more than 6 inches ; some restricted

series are from J inch to 1 inch in length, and the majority are nearly parallel, slightly

wavy, and very long. The width of the valleys from the top of one coUine to that of

the other is from j inch to nearly ^ inch. The bases of the collines are from ^^ to

1% inch across.

Locality. South of the Gaj river, in the Khirthar range, in the Gaj series. Survey-

number G ^-P.

Illustrations of the Species in Plate XXIV.

Fig. 5. The corallum : natural size.

6. A portion : magnified.

Genus CYCLOSERIS, M. Ed. & J. Haime.

1. Ctcloseeis magnieica, Duncan, Ann. & Mag. Nat. Hist. 1864, xiii. p. 304. Plate

XXVI, Fig. 13.

The corallum is large, convex, irregularly rounded above, and trochoid, with a

small attachment below ; the wall is in longitudinal folds, which do not interfere with

the calicular surface, and it is very faintly costulated. The calicular surface is very

HeliastrEean in its appearance. The calices are irregular in shape, and unequal in size

and depth, all being more or less open at the surface, and infundibuliform ; they are
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separated by a ccenenchyma, which is more or less marked by costae. The septa are

numerous at the margin, and are grouped in paliform masses in contact with the broad,

flat, paliform columella.

Height of corallum 2^^ inches ; breadth 3 inches and more.

Breadth of a calice from -^g to -j^ inch or more.

Locality. Magar Pir, near Karachi, base of Gaj series. Survey-number G ^f^-

The specimen is attached to the type of HaliastrcBa Sindiana, Duncan, and is not

in good condition. The type is in the British Museum, and the calice represented is

from the drawing in the 'Annals and Magazine of Natural History,' 1864, pi. xix. fig. 7, b.

Illustration of the Species in Plate XXVI.

Fig. 13. A calice : slightly magnified.

Genus AGAEICIA, Lamarck.

The species Agaricia agaricites, Pallas, sp., I have stated to be present in a

collection of fossil Corals from Sind already described. Another form is closely allied

to Agaricia undata, Ellis and Solander, but has a few distinctive characters.

1. Agaeicia Dan^, Dwncan. Plate XX, Figs. 8, 9.

The corallum is pedunculate, frondiform, and rises sharply in more or less of a cup-

shape. The wall is thin, and the outer surface slightly marked with cross depressions

and raised ridges, and is mostly striated with unequal costae. The inner surface is covered

with numerous calicos, which run together often at the sides, but are separated by costae

and small collines from their neighbours below and above. The calices are about

^ inch in length ; their septa are alternately large and very small, and so are the costae,

and usually they are less than 20 in number. The columella is very small.

Height of specimen rather over 2 inches, and the whole was probably about

6 inches in height. The thickness is from -^q to nearly ^ inch.

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G ^^-
This species is very closely allied to the Mycedium fragilis of Dana.

Illustrations of the Species in Plate XX.

Fig. 8. Calices : magnified.

9. The back and base of the corallum : natural size.

Group MADEEPORARIA PERFORATA.

Subfamily MABBEPOBINJE.

Genus MADREPORA, M. Ed. & J. H.

Madeepoea, species. Plate XXV, Fig. 9.

Several rolled specimens of the minute terminal branchlets of a small oblique

caliced Madrepora were found at Naigh-Nai valley, Gaj series. Survey-number G -f^.
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Illustration of the Species in Plate XXV.

Fig. 9. A branchlet : natural size.

Subfamily TURBINABIN^.

Genus TURBINAEIA, OJcen.

1. TuEBiNAEiA SiTABNSis, Duncan. Plate XXV, Figs. 7, 8.

The corallum is thin, foliaceous, and marked by irregular vermiform costse infe-

riorly. The ccenenchyma is plentiful ; the calices, on short, obliquely placed cones, are

small, shallow, and round. The columella is very small, and there are 24 unequal

septa.

Thickness of the corallum ^ to ^q inch.

Breadth of a calice ^^ inch. Length of the cones ^ inch.

Locality. Sita Nai, Khirthar range, Gaj series. Survey-number G -4-3-.

Illustrations of the Species in Plate XXV.

Fig. 7. The corallum (part of) : natural size.

8. A portion : magnified.

Genus ASTE^OPORA, Blainville.

1. AsTR^OPORA HEMiSPH^RiCA, Duncan. Plate XXV, Fig. 6.

The corallum is irregularly hemispherical in shape, with a re-entering base, covered

with epitheca, and marked here and there with granulations or pores. The upper surface,

rather gibbous, has much ccenenchyma ; and the calices, some on conical eminences,

others simple, are small, circular, very shallow, and have six large and about six small

septa. There is no columella. The ccenenchyma is granular and porous.

Height of the corallum 1 J inch ; breadth 2\ inches.

Locality. Naigh-Nai valley, Gaj series. Survey-number G 4u)~-

Illustration of the Species in Plate XXV.

Fig. 6. The corallum : natural size.

Family POMTIBM.

Genus PORITES, LamarcTc.

1. PoRiTES Gajbnsis, Buncan. Plate XXII, Figs. 6, 7.

The corallum is massive, has a broad base, and an irregular cylindrical stem ending

in several gibbous pinnacles which are rounded at the top. Layers of growth are on

the corallum, which is covered with minute calices well separated by a porous ccenen-

chyma. The septa are 12 in number; the pali are very small, and the columella also.

Height of the corallum nearly 3 inches ; breadth 2 inches.

There are five calices and intermediate structure in -^o inch.

Locality. Naigh-Nai valley, Gaj series. Survey-number G 40
302
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Illustrations of the Species in Plate XXII.

Fig. 6. The corallum : natural size,

7. A calice : magnified.

There are 41 species of fossil Corals from the Gaj series.

The forms belong both to ancient and modern genera, and the fauna does not

contain any recent species. The absence of so many of the modern genera of the Pacific

and Eed Sea, considered with the evident antiquity of many of the genera, indicates

a Miocene age. Many of the forms are representative of the West-Indian Miocene.

Many massive specimens of Corals form a limestone which is saccharoid, and the

septa usually are very incomplete ; they usually belong to the great species of

Stephanocmnia.

XI. lAst of the Localities whence Fossil Corals were derived in Sind.

In the Strata below the Trap (Cretaceous).

Barki nala, north of Eanikot—Laki range.

Jakhmari—Laki range.

Barah—Laki range.

In the Eanikot Group, Nummulitic Series.

Three miles west of Lynyan.

Hills east of Lynyan.

Three miles south-west of Jhirk (Jerruck).

Jhirk.

Jhirk—from lowest fossiliferous bed.

Hills two or three miles north-east of Band Vero.

North-west of Lynyan.

Hilly ground north-by-east of Petiani.

East of Kandaira, Vero plain.

Ditto, a lower bed.

Vihan hill, six miles north-east of Kandaira, Vero plain.

South-west of Jhirk.

Makli bill, near Thatta.

In the Khirthar Series, Upper Nummulitic Series.

Angai valley south-west of Tandra Eahim Khan.

Two miles south-south-west of Chotra, south of Jhangara.

Karra range, south of Trak.

North of Maliri and sixteen miles south of Jhangara.
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Gagar nala, north-east of Bula Khan's Thana,

Gagar hill, east of Surjana.

South-east of Trak.

West of Sehwan (from conglomerates of Siwalik age).

Tandra Eahim Khan (from recent conglomerate).

North-west of Mehar (from recent conglomerate).

Nari Nai (from gravels).

Gaj river.

Near Malting, twelve miles south-south-east of Eanikot.

Near Petiani, west of Kotri.

Jakhmari, west of Amri,

East base of Khirthar range between Gaj and Nari rivers—.from uppermost

beds.

Northern end of Watwaro range between Trak and Damaj (base of Nari or top

of Khirthar).

Mai Mohori, Eampitiani river, west of Jungshahi (base of Nari or top of

Khirthar),

Between Tong and Baili, west of Tong (base of Nari or top of Khirthar).

Maliri, south of Chotra (base of Nari or top of Khirthar).

Hindi hill, north of Trak (uppermost Khirthar beds).

In the Nari Series, Oligocene Series.

Baran river, south of Tong.

West of Bhagathoro HiU, south of Sehwan.

Pokhan.

West side of Bhagathoro Hill.

Under Khaguzani Peak—Laki range.

Hills east of Trak—Kohistan.

South-west of Dharan pass.

Lundi hill, eight miles south of Jhangara.

Near Eaduk, ten miles south-south-east of Jhangara.

East side of Eois hill, south-east of Damaj.

Eois hill, east side.

In the Gaj Group, Miocene.

Magar Pir, near Karachi (base of group).

Three miles south-east of Tong.

Dumbar range, south-west of Tong.

Mol plateau, ten miles north of Shahbeg.

Near Magar Pir (higher bed).

South of Magar Pir, near Karachi.

Naigh Nai, south-west of Sehwan.
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Kattiani hills, north of Gaggar.

Base of scarp four miles west of Trak hill.

Maki Nai.

Lal-Bakhar range, twelve miles west-north-west of Karachi.

North of Babba-band, five miles east of Kadeji.

Amru hill, Khirthar range.

South of Kuba Jagu Jumali, west-north-west of Sehwan.

Dumb, Sehwan-hill road.

South of Gaj river, Khirthar range.

Sita Nai (Tooneewarree Nai), Khirthar range.

Near Unahar, Khirthar range.

Nari Nai, Khirthar range.

Tandra Rahim Khan.

Base of scarp four miles west of Trak.

Three miles south-west of Damaj.

Near Bill.

Hills north of Adam-jo-got.

Five miles south-south-east of Tong.

Mol plateau, north-west of Bill.

Naigh-Nai valley, south-west of Manchhar liake.

South-east of Bill.

North-west of Lal-Bakhar range near Karachi.

(Marine beds in lower Manchhar) eight miles east of Cape Monze *.

XII. List of the Genera of the Fossil Corals of Sind, their Enumeration and

that of the Species.

Genera from the Cretaceous Strata beneath the Trap.

MADEEPOEAEIA APOEOSA.
Species.

1. Caryophyllia 3

2. TroQhoeyathus 1

3. Smilotrochus 2

4. Stylophora 1

5. Ehabdophyllia 1

MADEEPOEAEIA PEEPOEATA.

6. Litharaea l&l variety.

6 genera. Species 9 & 1 variety.

* TJnfortunately the corals from this locality could not be found in the collection.
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Genera from the Eanikot Series.

MADEEPOEAHIA APOEOSA.

Species.

1. Trochocyathus 1

2. Placocyathus 1

3. Blagrovia 1

4. Trochosmilia 1

5. Stylina 1

6. Stylocoenia 3

7. Montlivaltia 3

8. Peddenia 3&2 vars.

9. Plocophyllia 2

10. Diploria 1

11. Leptoria 1

12. Stephanocoenia 1

13. Astrocoenia 6&1 var.

14. Isastrsea 1

15. Eeussastrsea 1

Species.

16. Pironastrsea 1

17. Astrsea 1

Fam. FUNGID^.

18. Tliamnastr8Ba 1

19. Pachyseris 1

20. Trochoseris 1

21. EUiptoseris 1

22. Cyathoseris 1

23. Turbinoseris 5

24. Cyclolites 9

MADEEPOEAEIA PEEFOEATA.

25. Stephanophyllia . 1

26. Litharaea 1

27. Porites 1

27 genera. Species 50 & 3 vars.

Genera from the Khirthar Series.

MADEEPOEAEIA APOEOSA.
Species.

1. Trochocyathns 1

2. Leptoeyathus 1

3. Stylophora 1

4. Stylina 1

5. Montlivaltia 1

6. Calamophyllia 1

7. Hydnophora 1

8. Eavia 2

9. Astrocoenia 1

Specie

10. Isastrssa 1

11. Latimaeandra 1

12. Pterastrsea 1

13. Plesiastrsea 1

MADEEPOEAEIA PEEFOEATA.

14. Porites 2

14 genera. U

Genera from the Nari Series.

MADEEPOEAEIA APOEOSA.
Species.

1. Trochocyathus 4&3 vars.

2. Blanfordia 1

» 3. Stylophora 1

4. Trochosmilia 3

5. Stylocoenia 1

6. MontUvaltia 1

7. DasyphyUia 1

8. EhabdophyUia 1

9. Leptoria 1

Species.

10. MsBandriQa 1

11. Prionastrsea 2

Fam. FUNGID^.

12. Cycloseria 1

13. CycloHtes 1

MADEEPOEAEIA PEEFOEATA.

14. Litharsea 1

14 genera. 20 & 3 vars.
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Genera from the Gaj Series.

MADEBPOEAEIA APOEOSA.

1. Caryophyllia 1

2. Trochocyathus 1

3. Stylophora 2

4. StephanoccBnia 1

5. Antillia 2

6. Montlivaltia 1

7. Leptomussa 1

8. Dasyphyllia 1

9. Calamophyllia 1

10. Leptoria 1

11. Monticulasfcraea 4

12. Heliastrsea 3

13. D'Achiardia 2

14. Prionastraea 2

15. Brachypliyllia 1

16. Plesiastrsea 3

Speoiei.

17. Lafcimseandra 3

18. Cladocora 1

19. Echinopora 2

Fam. FUNGIBLE.

20. Pachyseris 2

21. Cycloseris 1

22. Agaricia 1

MADEEPOEAEIA PEEFOEATA.

23. Madrepora

24. Turbinaria

25. Astraeopora

26. Pontes

26 genera.

. 1

. 1

. 1

. 1

41

Summary.

Number of genera in the Cretaceous series

„ species „ „

Number of genera in the Eanikot series .

„ species „ „

Number of genera in the Khirthar series

„ species „ „

Number of genera in the Nari series

„ species „ „

Number of genera in the Gaj series

„ species „ „

Species common to more than one series

6

9

27

50

14

16

14

20

26

41

The result of comparison of the species of the Cretaceous series with those of

other localities shows them to belong to an horizon which is not represented in Europe,

and that they probably belong to passage-beds between the Secondary and Tertiary

formations.

The Eanikot series appear to be of the age of the Nummulitic of Europe, and the

Khirthar also.

The Nari series appear to be of Oligocene age.

The Gaj series are Miocene, and not of an early part of the formation.
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XIII. Results of an UxaminaUon of the Species which have been described by

D'Archiac and Jules Haime and myself in former years.

It will be observed, in examining the lists of the species of fossil Corals described

in this Monograph, that several of those which were noticed by MM. dArchiac and

J. Haime in their celebrated work on the 'Animaux Fossiles de I'lnde,' and some

of those which were considered in my essay on the Fossil Corals from Sind (1864),

are not mentioned. This arises partly because the carefully made collection of the

Geological Survey of India, from known localities, did not contain specimens of the

forms, and partly because some of the species were described from or recognized by

bad specimens.

MM. dArchiac and J. Haime examined collections which came from all the

geological horizons of Sind except that of the strata beneath the Trap ; but the loca-

lities whence their types were derived were not recorded, except under the head of

places which have no recognized geographical position, or where all the Tertiary

strata are found. The term Hala Mountains is most deceptive and it has no geo-

graphical meaning ; and it was from those hypothetical hiUs that most of the specimens

so ably described by Jules Haime were derived.

I was equally unfortunate in my early essay with regard to stratigraphical

and geographical knowledge.

Nevertheless it is necessary to reconsider the species not hitherto described in

this Monograph, but which were found somewhere or other in Sind.

Notice of Species of Corals described by MM. d'Archiac and J. Haime, but which

are not represented by Specimens in the Collection.

1. Trochoctathus Van-den-Heckei, J. Haime.

The corallum is slightly elongate, subpedicellate, compressed, and more or less

bilobate. The base is more or less slightly arched in the plane of the smaller axis,

and the growth-rings are feebly marked. The costse are straight, delicate, subgranular,

very slightly projecting, alternately slightly unequal, and most distinct near the calice,

where they may be subcrestiform. There are 130 to 160 of them. The calice is usually

in the shape of the figure " 8." The septa are thin and slightly unequal. The

height of the corallum is 3 centimetres (about 1^-q inch), and the great axis of the

calice is nearly 4 centimetres in length, or 1-| inch.

But J. Haime, whilst noticing the existence of this well-known form at La

Palarea, near Nice, writes that he has never seen a specimen from France or Sind

that presented the columella and pali sufficiently to diagnose the form satisfactorily.

If reference be made to the Plates accompanying this Monograph, several rather

bilobate forms of simple corals will be observed ; but none of them refer to a Trocho-

cyathus of the description given above. In fact, it is not a good species ; and any
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bilobate, costulate coral, with its calice filled up, may be called Trochocyathm Van-den-

Heckei, and of course very unsatisfactorily.

2. Cbkatotrochus bxaeatus, M. Edw. & J. Haime.

This large, simple coral is placed hypothetically by D'Archiac and J. Haime in

Sind ; and they had not the advantage of observing its calice. There is little doubt

that it is a species of Feddenia.

3. Teochosmilia coeniculum, M. Udw. & J. Haime.

This is not a good species; and the form which I have described as Trochosmilia

varicosa, Eeuss, is probably that taken for the above by the distinguished French

authors.

There are some specimens of a simple coral which resemble in some points this

species. They were found near Eaduk in the Nari series. They have between four

and five cycles of septa, visible costee, epitheca in a slight degree, and a small columella.

The species may be Montlivaltia Vignei, J. Haime, or it may be a young Dasy^hyllia.

4. Teochosmilia multisinuosa, J"; Haime.

This is a doubtful species, according to M. J. Haime, op. cit. p. 187.

There is a large bilobate coral in the collection from Jhirk in the Eanikot series,

which has the aspect of this species as well as of Trochocyathus Van-den-Heckei ; but it

is a bilobate Montlivaltia, and is comparable to a great extent with Montlivaltia

Mlohata, Mich, sp., from the Nummulitic of Europe, at La Palarea.

5. Sttloccenia emaeciata, J. Haime.

This form is represented in the Eanikot collection of Corals by a young Stylocoenia

maxima. I do not think that the European form is found in Sind.

6. Phtlloccenia ieeadiajsts, M. Edw. & J. Haime.

This species, which was not figured by D'Archiac and Haime, is not in the

collection.

The specimens collected by the Geological Survey, and which, when not clean,

would be said at the first glance to belong-to the genus Phyllocoenia, are really furnished

with pali and a papillose columella, and belong therefore to the genus Plesiastrcea.

8. SiDEEASTE^A FUNESTA, M. Edw. & J. Haime.

This species has not been found. It was not figured by D'Archiac and J. Haime.

The critical examination of the species of fossil Corals described by me in the

' Annals and Magazine of Natural History,' 1864 (vol. xiii.), indicates that many of them
were not found by the Geological Survey, and that a few only have a satisfactory

locality given to them.
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Thus Oculina Halensis, nobis, Phylloccenia conferta, nobis, Phylloccenia Lucasana,

M. Ed. & H., Astroccenia Caillaudi, M. Ed. & J. H., Montlivaltia brevis, nobis, Antillia

dentata, nohis, Antillia ponderosa, M. Ed. & J. H., sp., Cladocora Haimei, nobis, Hydno-

^hora rudis, nobis, Hydnophoraplana, nobis, Hydnopihora hemispJicerica, nobis, Troehoseris

aperta, nobis, Cyathoseris Valmondoisiaca, M. Ed. & J. H., Pachyseris rugosa, M. Ed. &
J. H., Agaricia agaricites, M. Ed. & J. H., and Pontes incrustans, M. Ed. & J. H.,

species clearly definable, and which were described and figured for the most part in the

'Annals and Magazine of Natural History,' April 1864, are without satisfactory geolo-

gical horizons. They swell the list of the fossil Corals of the province ; and it is to

be hoped that, in years to come, they will be satisfactorily located in their proper

stratigraphical position. They were derived from the neighbourhood of Karachi, and

doubtless came from the Gaj series. Some of them are figured on Plate XXVI. and

Plate XXVII.

XIV. A Description of the Fossil Alcyonaria from the Gdj Series of Sind.

There are several specimens of Alcyonaria from the Gaj group of strata, the size

of which indicates a very flourishing fauna ; they are closely allied to those of the

Italian, Sicilian, and Australian middle and later Tertiary deposits. Seguenza, in his

' Disquisizione Paleontologicha intorno ai CoraUarii fossili della rocca Terziaria del

distretto dl Messina' (Torino, 1863), gives a summary of the fossil forms known to him

and to previous observers, such as Goldfuss and Michelotti; and in 1875 the author

of this Monograph published descriptions of fossil Alcyonaria from Australia and New
Zealand in the ' Quarterly Journal of the Geological Society,' vol. xxxi. : in 1864 he

had noticed the occurrence of Corallium pallidum in the Sind Tertiaries in the ' Annals

and Magazine of Natural History' (April 1864).

List of the Species of Alcyonaria from the Gaj Series of Sind.

Family QOBGONID^, MM. Milne Edwards Sf Jules Haime, Hist. Nat. des Oorall. vol. 1. p. 134.

Subfamily I siding.

Genus ISIS, Lamouroux, Hist. des. Polyp, corall. flex. p. 468.

Isis Danse, Buncan, and variety.

Isis elongata, Buncan.

Isis compressa, Buncan.

Isis, species 1, 2, 3.

p2
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ALCYONARIA.

Family GORQOmDM.

Suhfamily ISIDIN^.

Genus ISIS.

1. Isis Dan^, Duncan. Plate XXVIII, Figs. 1-3.

Fragments of a huge Isis abound in the collection from Naigh-Nai valley, south-

west of Manchhar, and also in the Gaj series ; and they appear to be characterized by

very numerous flexuous grooves and corresponding ridges on their surface, and by

numerous, alternately large and small, lamellae passing into the midst of the sclerobasic

axis. The ridges are moderately distinct, project slightly, and are often alternately

large and small ; they are most distinct in the smaller joints. The joints are irregu-

larly cylindrical, long, stout, branch at the ends, and present the appearance here and

there of abortive interjoints. The upper and lower surfaces, nearly circular in outline,

are slightly concave or plane.

The great size of the joints distinguishes the form to a certain extent; they are

much longer than broad, and it appears that the interjoints must have been small.

Length of joint 2J inches, 1^^ inch, and 1-^ inch; breadth 1^ inch and ^^inch.

Locality. Naigh-Nai valley, in the Gaj series (Survey-number G ^^), and five

miles north-west of Tong, in the same series (Survey-number G -t^-) ; and at Tandra

Eahim Khan (Survey-number G ^^).

Illustrations of the Species in Plate XXVIII.

Fig. 1. Large joint: natural size.

2. End of a joint, part of: magnified.

Isis Daj^^e, Duncan. Variety.

This form has many abortive branchlets or projections on opposite sides of the

joints, along their length.

Locality. Naigh-Nai valley. Survey-number G -^q^-

Illustration of the Variety in Plate XXVIII.

Fig. 3. Joints : natural size.

2. Isis ELONGATA, Duncan. Plate XXVIII, figs. 6, 7.

The joints are long in relation to their breadth ; the interjoints were very thin ;

the ridges are very distinct, and the fluting regular. The ridges are.subequal, except

when they bifurcate. The cylindrical reed-like joint is marked with the traces of

aborted interjoints, and the ends of it are nearly flat.
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Length of the joint l-^^ inch ; breadth -^ inch.

Locality. Naigh-Nai valley, south-west of Manchhar Lake. Survey-number G

Illustrations of the Species in Plate XXVIII.

Fig. 6. The joints : natural size.

7. A transverse section : magnified.

3. Isis coMPEESSA, Buncan. Plate XXVIII, Figs. 4, 5.

The joints coalesce laterally, and form a large irregular stem, which is compressed,

the interjoints being frequent. The ridges and furrows are very irregular and almost

reticulate in places, and the radial lamellae are not numerous. The joining surfaces

of the joints are elliptical in outline and nearly flat.

Height of stem 2^% inches ; thickness ^q and ^ inch.

Locality. Tandra Eahim Khan, in the Gaj series. Survey-number G -f-.

Illustrations of the Species in Plate XXVIII.

Fig. 4. The mass : natural size.

5. The top of a joint : magnified.

Isis, sp. 1.

This is a species resembling somewhat Isis corallina, Morren, and some Isidince

from the Coralline zone of Cape Otway, Australia, described by myself. It is impossible

to give a specific name to the variable hard parts of every Isis.

The specimen under consideration is short, about as tall as broad, slightly com-

pressed, very slightly constricted, and faintly projecting above and below. The ridges

and furrows are very visible above and below and on the flanks. On the last-named

part the flutings are broad and straight, and the ridges are well developed and straight.

It separates into two above and below, and has the appearance of being notched at

the edge of the upper and lower articulating surfaces. It is figured in Plate XXVIII.

Figure 8 gives a side view, and Figure 9 a magnified view of the upper surface. The

length is nearly -^ inch.

An Isis, in part remarkably preserved, was found in the same stratum as that

just noticed, and is closely allied, the only distinction being that the strise are less

marked and less numerous. The joints are broader than high, and the interjoint

substance has partly been fossilized and partly not; but the position of the joints,

one of which has a branch, is retained. This form is very like Isis hippuris of the

Eastern seas.

Locality. Naigh-Nai valley, south-west of Sehwan, in the Gaj series. Survey,

number G -^^.

Plate XXVIII. Fig. 10. The joints : natural size.
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Isis, sp. 2.

The joint is moderately long, slender, exceedingly delicately and straightly grooved,

faintly enlarged at the ends, and the joint-surface is concave. This form is allied to

Isis Peloritana, Seg. op. cit. p. 16, from Messina, in the uppermost Miocene strata.

Height of specimen -^ inch ; breadth not quite -yq inch.

Plate XXVm. Fig. 11. A joint: natural size.

Isis, sp. 3.

The joints are long, well and pointedly convex at their ends, faintly yet decidedly

grooved in a straight direction in some places and oblique in others. Small abortive

branches are noticed, and the grooving is only just continued over the edge of the

upper and lower surfaces. The ridges branch occasionally, and the body is slightly

broader at the joint-ends than in the middle.

Length of joint ^o inch; breadth -^o inch.

Another specimen is shorter, but shows the peculiarities of the species.

Plate XXVIII. Fig. 12. Two joints : natural size.

13. The striation: magnified.

14. The convex upper surface : magnified.

These Isidine remains give a very late facies to the fossils of the Gaj or Miocene

series of Sind.
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XV. Description of the Plates.

PLATE I.

Figure 1. Caryophyllia compressa, Duncan. A side view, natural size.

3. The calice of the coral, one system of its septa and pali, magnified.

3. The base of the same coral, natural size.

4. The costse near the calice, magnified.

5. A side view of Caeyophyllia Indica, Duncan, natural size.

6. A part of the calice, magnified, showing two systems of four cycles and pali.

7. The costse, magnified.

8. Caryophyllia Fbddeni, Duncan. A side view, natural size.

9. The costse, magnified.

10. A part of a calice, magnified.

11. Trochocyathus Lakh, Duncan. A side view, natural size.

12. The costse, magnified.

13. Part of a calice, magnified
; pali before all the septa, except the smallest.

14. Smilotrochus Jakhmari, Duncan. A side view, natural size.

15. The costse, magnified.

16. Another specimen, slightly magnified, side view.

17. Its costse, magnified.

18. Smilotrochus Blanpordi, Duncan. A side view, natural size.

19. A part of the calice, natural size.

20. The costse, magnified.

21. The septa, magnified. (See also Plate III. Figure 1.)

22. A side view of a young specimen.

23. The costse, magnified.

24. Rhabdophyllia Babkii, Duncan. A magnified view of part of a fractured portion,

showing dissepiments, and a rudimentary septum between the larger ones.

'

|- Side views of the corallum of difierent specimens.

27. A calice, magnified.

28. The costse, magnified.









PLATE II.

Figure 1. Lithar^a epithbcata, Duncan. The upper part of a broken corallumj natural size.

The circular line gives the former dimensions of the coral.

2. The base of the same specimen.

3. The upper surface of a smaller specimen.

4. The base.

5. The base of a smaller specimen.

6. The calices, weathered.

7. The calices of Figure 1, highly magnified.

8. A side view of the' edge of the corallumj to show the perforate condition of the septa,

magnified.

9. A portion of the base^ slightly magnified, to show faint costal striations.

10. A hemispherical variety.
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PLATE III.

Figure 1. A mass of olive shaly sandstone, with Mollusca and many specimens of embedded

Smiloteochus Blanpordi, Duncan. Also a small portion of a Stylophora, magnified in

figure 15.

3. Trochosmilia Mbdlicotti, Duncan. A moderate-sized specimen, side vie-w.

3. Its calice, magnified.

4. The septa from a worn portion, magnified.

5. A side view of a septum, showing the large granules and some endotheca, magnified.

6. Trochosmilia Oldhami, Duncan. The coral, natural size.

7. Its calice.

8. Costse, magnified, the smaller being hidden by epitheca.

9. The triplets of small septa between the larger septa in the calice, magnified.

10. Another specimen, side view.

11. The septa, magnified.

13. MoNTLiVALTiA Ranikoti, Duucau. The coral, natural size.

13. The calice, magnified.

14. The costse, magnified.

15. A portion of a Stylophora, magnified.
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PLATE IV.

Figure 1. Trochocyathus nummuliticus^ Duncan. The base of tie coral^ natural size.

2. The hase, magnified, and its worn Nummulite.

3. The calicCj magnified.

4. Lbptocyathus epithecata, Duncan. The base of the coral, natural size.

5. The base on a Nummulite, magnified.

6. The granular septa and pali, magnified.

7. The costae, magnified.

8. "Feddenia elongata, Duncan. Side of the coral, rather smaller than nature.

9. The costse, magnified.

10. A section of the coral, magnified.

11. Tkochosmilia Oldhami, Duncan. A large specimen.

12. The costse, showing the intermediate sets of three, magnified.

13. Worn-down septa, magnified.









PLATE V.

Figure 1. Prionastr^a tenuiseptata, Duncan. The caliceSj very slightly enlarged.

2. The base of the corallunij natural size.

3. The junction of the septa and the columella^ magnified.

4. Prionastr^a insignis, Duncan. The upper surface of coraUum, natural size.

5. The calices, magnified.

6. The base.

7. PterastrjEA mirabiliSj Duncan. The corallum in part, calicular surface, natural size.

8. Some calices, magnified.

9. MoNTLivALTiA ViGNEij D'Archiac and Haime. Side view of coral.

10. The calice^ slightly magnified.

11. The junction of septa with a trabeculate columella and endotheca, magnified.

13. Porites IndicAj Duncan. A part of the coral^ slightly magnified.

13. Calices, magnified.

14. Porites Pellegrinii, D'Ach. The corallum.

15. CaliceSj magnified.









PLATE VI.

Figure 1. Stylina tertiaria^ Duncan. A part of the corallunij natural size.

2. Calices, magnified.

3. Favia Maliriensis, Duncan. Some calices, magnified.

4. Calices, magnified^ showing large septo-costse.

5. Favia PEDUNCULATAj Duncan. Part of the surface of the coraUum.

6. CaliceSj slightly magnified.

7. Cyathoseris orientalis, Duncan. The side view.

8. Septaj magnified, showing synapticulae.

9. Junctions of septa on a colline.

10. Costal striae of under surface, magnified.

11. DiPLORiA FLExuosissiMA, DAch. A part of the corallum.

12. Two series, slightly magnified.

13. AsTRoccENiA NUMisMA, Defrance, sp. Upper part of the coral, natural size.

14. Side view.

15. Calices, magnified.
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PLATE VII.

Figure 1. Ttjrbinoseris Indica, Duncan. The corallumy natural size.

3. Costse, magnified.

3. Septa and synapticulse, magnified.

4. TuKBiNosERis Haimei, Duncau. Outline of the coralj natural size.

5. End view.

6. Septa^ magnified.

7. Costse, magnified.

8. TuRBiNOSERis EPiTHECATAj Duucan. Epitheca, magnified.

9. Septa^ magnified.

10. TuRBiNOSERis RanikotIj Duncan. The coraUumj natural size.

11. Costa^ magnified.

13. Trochocyathus cobbiculAj Duncan. The corallum, side vieWj natural size.

13. The base.

14. Part of the calice^ magnified.

15. AsTR^A MoRioTij Reuss. Part of corallum.

16. CaliceSj magnified.

17. Prionastrj!A IndicAj Duncan. The corallum.

18. Calices, magnified.

19. Part of the base, indicating the shape of the coral.
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PLATE VIII.

Figure 1. Leptoria hydnophoroidea, Duncan. The corallum, natural size.

2. A serieSj magnified.

3. Elliptoseris aperta^ Duncan. The corallunij natural size.

4. Septa and pali, magnified.

5. A side of a septum, magnified.

6. A side of a septum and some of the pali, magnified.

1. Stephanophyllia IndicAj Duncan. The corallum, natural size, side view.

8. The corallum from above, natural size.

9. The calicular surface, highly magnified.

10. The edge with trabecular septa, magnified.

11. Trochosmilia varicosa, Keuss. The corallum, natural size.^
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PLATE IX.

Figure 1. Trochocyathus Nariensis, Duncan. An oblique view, natural size.

3. Septa and pali, magnified.

3. A transverse section of a large specimeUj sHghtly magnified.

4. The septa, obliquely seen, magnified.

5. The costse and epitheca.

6. The costse, magnified.

7. Oblique view of costse at the margin, magnified.

8. The base, natural size.

9. The costse and epitheca of a large specimen, slightly magnified.

10. Side view of a tall, old specimen, natural size.

11. Its base.

12. A variety of the species.

13. The septa and pali, magnified.

14. Trochocyathus cyclolitoides, Milne Edwards and Jules Haime. The coral, side view,

natural size.

15. The calice, natural size.

16. The pali and septa, magnified.

17. The costae near the calice, magnified.

18. A part of the base, magnified.

19. Cyclolites orientalis, Duncan. Calice, slightly enlarged.

20. The septa and their filiform ends, magnified.

21 . Septa near the margin, magnified.









PLATE X.

Pigure 1. Reussastrjea grandiSj Duncan. A calice^ magnified.

2. Calices, magnified.

3. CostsBj magnified.

4. Costse on the base^ magnified.

5. MoNTLivALTiA Indica, Dimcan. The corallum, natural size.

6. The base.

7. Part of some septa and endotheca, magnified.

8..

9. > Side views of varieties of Trochosmilia OldhamIj Duncan.

10. J

11. Stylina RettssIj Duncan.

12. Calices, magnified.

13. Longitudinal section^ showing columella^ magnified.

14. The costse^ magnified.

15. M^ANDKiNA Medlicotti, Duncau. Part of corallum^ natural size.

16. A portion of a seriesj magnified.
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PLATE XI.

Figure 1. Feddenia typicAj Duncan. The corallunij side view, natural size.

2. A part of a calicej magnified.

3. Costse and part of epitheca, magnified.

4. Feddenia typica, variety 1. Septa, magnified.

5. Granules on a septum, magnified.

6. Feddenia typica, variety 2. The corallum, natural size.

7. Costse and septa, magnified.

8. Feddenia cristata, Duncan. The corallum, natural size.

9. Trochoseris dipfobmis, Reuss. The corallum, natural size.

10. Septa, magnified.

11. LiTHAR^A GRANDis, Duucau. The corallum, natural size.

12. Calices, magnified.

13. Reticulate appearance of costse on the base, magnified.

14. MoNTLivALTiA Granti, J. Haime. The corallum, natural size.

15. Septa, magnified.

16. Costse, exotheca, and epitheca, magnified.

17. A small and young specimen, natural size.

.









PLATE XIII.

Figure 1. Plocophyllia Sindiana, Duncan. The corallum, natural size.

2. CostsBj magnified.

3. Free edge of a septum^ magnified.

4. Styloccenia Vicaryi, J. Haime. A part of the corallum^ natural size.

5. A worn calieej magnified.

6. Calices, magnified.

7. Diagram of vertical edge of calicular margins^ magnified.

8. Cyclolites alpina. The corallumj natural size.

9. Calicular septal edge, magnified.

10. Dasyphyllia gemmans, Duncan. A corallite, natural size.

11. Trochosmilia DharanensiSj Duncan. Natural size.
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PLATE XIV.

Figure 1. Isastr^ea irreghjlaris, Duncan. Some calices^ magnified.

2. A variety : caliceSj magnified.

3. Pachyseris Murchisoni, D^Archiac and Haime. The upper surface of the coraUum^

natural size.

4. A part of a series, magnified.

5. PoRiTEs suPERPosiTAj Duncan. The corallum, natural size.

6. A calieCj magnified.

7. AsTRoctENiA CELLULATAj Duncan. CaliceSj magnified.

8. The corallum of Placocyathus striatus^ Duncan. Natural size.

9. Columella and pali^ magnified.

10. CostsBj magnified.

11. Blagrovia SIMPLEX, Duncan. The coral, natural size.

13. The base and costse, magnified.

13. Septa at the calicular margin, magnified.
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PLATE XV.

Figure 1. Astroccenia Blanfokdi, nobis. The eoralluin, side view, natural size.

2. The corallum, from aboye.

3. A part of the base, magnified slightly.

4. Calices, magnified.

5. A dentate septum, magnified slightly.

6. Styloccenia Ranikoti, nobis. Natural size.

t

.

The calices, slightly magnified.

8. The calices, more magnified.

9. A side view of a septum, magnified.

10. AsTROcffiNiA NANA, Rcuss. A part of the corallum.

11. Calices, magnified.

12. Stylophoka pulchekrima, D'Achiardi. Surface of the coraUum, slightly magnified.

13. Calices and intermediate tissue, magnified.

14. Stephanoc(enia MicROTTJBEECTJLATA, nobis. A part of the corallum.

15. Calices, magnified.

16. A calice with an aborted columella, magnified.









PLATE XVI.

Figure 1. Montlivaltia Lynyani, Duncan. The corallunij side view, natural size.

2. Costae and epitheca, magnified.

3. TuRBiNOSEKis ELEGANS, Duncan. The corallum, side view, natural size.

4. Septa, magnified.

5. Plocophyllia flabellata, Eeuss. The corallum, side view, natural size.

6. The costse, magnified.

7. Cyclosbris Peeezi, M. Edw. & Haime. The calice, natural size.

8. Showing the everted margin and costte, magnified.

9. Trochocyathus Nariensis, variety. The calice, natural size.

10. Septa and pali, magnified.

11. Cyclolites Altavillbnsis, Defr. The corallum, side view, natural size.
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PLATE XVII.

Figure 1 . Cyclolites VicaryIj Haime, natural size^ side view.

2. Some septa^ magnified.

3. Cyclolites crbntjlatAj Duncan^ side view, natural size,

4. Some septa, magnified.

5. Cyclolites RanikotIj Duncan, side view.

6. Septa and synapticulse, magnified.

7. Cyclolites striata, Duncan, natural size.

8. Septa near the edge, magnified.

9. Cyclolites Haimei, Duncan, natural size.

10. Septa and synapticulee, magnified.

11. Cyclolites superba, Duncan, side view.

12. Septa, magnified.

13. Cyclolites anomala, caUce, natural size.

14. Septa forming near fossa, magnified.
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PLATE XVIII.

Figure 1. Trochocyathus Btjrnesi, J. Haime. Side view of the eorallunij natural size.

2. The base, slightly enlarged.

3. A side view of the eostsej magnified.

4. The ornamentation of the septa, magnified.

5. A young coral, the epitheca magnified.

6. The costse and hase of a younger coral, magnified.

7. Blanfordia nummipormiSj Duncan. The calice, magnified.

8. The base, magnified.

9. Some septa, magnified.

10. IsastrjEa punctata, Duncan. The corallum from above, natural size.

11. The base, magnified.

12. Caliees, magnified.

13. Side view of the corallum.

14. Khabdophyllia Nariensis, Duncan. The corallum, natural size.

15. A transverse section, magnified.

16. Costse, magnified.

17. Calamophyllia elongata, Dtmcan. Corallites, natural size.

17 o. A long coraUite.

18. Outlines of caliees.

19. A transverse section of a corallite, magnified.

20. Costse, magnified.

21. Stylophora contorta, Leymerie, sp. The branch, natural size.

22. Caliees, magnified.
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PLATE XIX.

Pigure 1. A small corallum of Thamnastr^a Balli^ Duncan. Natural size.

3. Some calices^ magnified.

3. A long calice, magnified.

4. LitharjEa nodtjlosa, Duncan. The coralj natural size.

5. A calicCj magnified.

6. Calamophyllia Indica^ Duncan. The corallum^ natural size,

7. A transverse section of a corallite, magnified.

8. PlesiastrjEA EocenicAj Duncan. A part of the calicular surface of the corallum,

natural size.

9. Calices, magnified.

10. A diagram of a septum and palus.

11. Hydnophoka Maliriensis, Duncan. A part of the corallum, natural size.

12. A colline, magnified.
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PLATE XX.

Figure 1. Trochocyathus nummiformiSj Duncan. The corallum from abovej natural size.

2. Septa and pali^ magnified.

3. The base, natural size.

4. The central part of the base, magnified.

5. The pali of variety 1.

6. The columella of variety 2.

7. EcHiNOPOBA MAXIMA, Duncau. Natural size of part of corallum.

8. Agakicia DANiE, Duncan. Calices, magnified.

9. The back and base of the corallum, natural size.

10. Latim^andra insignis, Duncan. Half of the corallum, natural size.









PLATE XXI.

Figure 1. PmoNASTRiEA fungifokmis, Duncan. Portion of upper surface of corallumj natural size.

3. Brachyphyllia Indica^ Duncan. Part of corallum, natural size.

3. Plesiastr^a DECiPiBNSj Duncan. Part of corallum^ natural size.

4. Calices, magnified.

5. D^AcHiARDiA densa. The corallum, natural size,

6. Calices, magnified.

7. Heliastr^a digitata. The coraUum, natural size.

8. Calices, magnified.

9. Plesiastr^a pedunculata. Some calices, natural size.

10. Heliastr^a anomala. Some calices, natural size.
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PLATE XXII.

Kgure 1. Latim^eandea parvtjla, Dimcan. CaliceSj magnified.

1*. Part of the corallunij natural size.

2. EcHiNOPORA MiocENiCA, Duncan. Upper surface of a vrorn coraUum, natural size.

3. PrionastRjEA Gajensis, Duncan. The corallunij natural size.

4. D'AcHiAKDiA LOBATAj Duncan. Upper surface of corallunij natural size.

5. A calicCj magnified.

6. PoRiTEs GtajensiSj Duncan. The corallum, natural size.

7. A calicCj magnified.

8. Leptomttssa rxjgosAj Duncan. The corallumj natural size.
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PLATE XXIII.

Figure 1. Leptoria concentrica, Duncan. The corallumj natural size.

3. Septa, magnified.

3. Trochocyathus Gajensis, Duncan. Side view of coral, natural size.

4. The base and costae, slightly magnified.

5. Antillia plana, Duncan. The corallum, natural size.

6. Stylophora minuta, var., Duncan. Calices, magnified.

7. Stylophora confusa, Duncan. Calices, magnified.

8. Cladocora Haimei, Duncan. Side view of pieces o£ a coraUum.

9. Calice, magnified.

10. Dasyphyllia, species. Part of a corallum, natural size.
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PLATE XXIV.

Figure 1. A calicular view of a corallum of LATiMiEANDRA parvula, Duncan^ with long series,

natural size.

2. Caryophyllia Gajensis. The corallum^ side view.

3. The calice, slightly magnified (x 1*5)

.

4. MoNTLivALTiA Jacquemonti, D'Archiac & Haime. The corallum, natural size.

5. Pachyseris exarata, Duncan. The corallum, natural size.

6. A portion, magnified.

7. Pachyseris afpinis, Duncan. A portion of the coral, natural size.

8. A portion, magnified.

9. PLEsiASTRiEA cosTATA, Duucan. A portiou of the coral, natural size.

10. A calice, ohlique view, magnified.

11. Antillia Indica, Duncan. The corallum and calice^ natural size.









PLATE XXV.

Figure 1. Stephanoccenia maxima^ Duncan. A calice^ magnified.

2. A calico, seen obliquely, magnified.

3. Latim^andra Gajensis, Duncan. Some calices, natural size.

4. Calices, magnified.

5. Latim^andra ReussIj Duncan. A part of the corallum, natural size.

6. AsTR^opoRA HEMisPH^RiCA, Duncau. The coraUnm, natural size.

7. TuRBiNARiA SiTAENsiSj Duncan. Part of the corallum, natural size.

8. A portion of the upper surface, magnified.

9. Madrepora, sp. A hranchlet, natural size.
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PLATE XXVI.

Figure 1. Monticulastb^a insignis, Duncan. A part of the corallum, natural size.

2. Some collines^ magnified.

3. A longitudinal section, showing the columella and endotheca, magnified.

4. MoNTicuLASTRiEA iNiEQUALis, Duucau. A part of the top of the corallum, natural size.

5. MoNTicuLASTR^A soLtDioRj Duncan. A part of the upper portion of the coral, natural

size.

6. A coUine, magnified.

7. Hydnophora eudis, Duncan. A part of the upper surface of the coral, natural size.

8. Some coUineSj slightly magnified.

9. Hydnophora plana, Duncan. A part of the calicular surface.

10. Collines, slightly magnified.

11. Hydnophora Dan^, Duncan. Some collines, magnified.

12. Hydnophora hemisph^kica, Duncan. Collines, magnified.

13. Cycloseris magnifica, Duncan. A calice, slightly magnified.
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PLATE XXVII.

Figure 1. Monticulastr^a elongata^ Duncan. A part of the corallum, natural size.

2. CollineSj magnified.

3. HELiASTRiEA SiNDiANAj Duucau. A part of the corallunij natural size.

4. Calices, magnified.

5. Phyllocoenia confertAj Duncan. The corallum, natural size.

6. Calices, magnified slightly.

7. A calice with costse^ magnified.

8. Cyathoseris irregularis, Duncan. A worn specimen, natural size,

9. Trochoseris aperta, Duncan. A side view, natural size.

10. The calice, magnified.
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PLATE XXVIII.

Alcyonaria.

Figure 1. Isis Dan^, Duncan. A large joint, natural size.

2. End of a joint, showing the radii, magnified.

3. A variety. The joints with lateral projections, natural size.

4. Isis compressa, Duncan. The stem, natural size.

5. The top of a joint, magnified.

6. Isis elongata, Duncan. Portions of the stem and joints, natural size.

7. A transverse section, slightly magnified.

8. Isis, species 1. A joint, side view, natural size.

9. The upper surface, slightly magnified.

10. Joints of another Isis, natural size.

11. Isis, species 2. A joint, natural size.

12. Isis, species 3. Two joints, natural size.

13. The striation, magnified.

14. The convex upper surface, magnified.
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A DESCRIPTION

OP THE

FOSSIL EOHINOIDEA

OF

WESTERN SIND.

I. Introductory Bemarks on previous Works relating to the Fossil Echinoidea of Sind.

The museum of the Geological Society of London contains two collections of fossil

Echinoidea from Sind ; and in one of them there are numerous species from Cutch.

One collection was made and described by Captain Grant.

The other collection was described by MM. d'Archiac and Jules Haime in their

great work entitled ' Description des Animaux Fossiles du groupe Nummulitique de

ITnde.' It was beautifully illustrated in that work. The value of the monograph, to

labourers in the same field of research, is immense ; but, unfortunately, the localities

whence the fossils were derived and their correct geological position were not known to

the illustrious authors. Moreover their labours were rendered all the more arduous

by the unsatisfactory condition of most of their specimens. "When such rarities as

fossils from India came before geologists, some years ago, species and genera were

attempted to be distinguished by the study of specimens on which no trouble would

have been spent, had they been derived from well-known European strata. The result

has been, that many of the species described by MM. d'Archiac and Jules Haime
cannot be accepted now ; and, moreover, when their types are compared with their

delineations, a considerable amount of imagination must be conceded to have influenced

their artist.

The specimens described by MM. d'Archiac and Jules Haime had been collected,

without regard to stratigraphy, by Captain Vicary and Mr. Blagrove and others; and

whilst some fossils came from somewhere out of the vast depth of Nummulite-

B
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bearing rocks in Western Sind, others were derived from later tertiaries. None came

from the lowest series of rocks, the fossil Echinoidea of which form the subject of this

Part; but some were derived from the higher series, and will be noticed in the

description of their fossils.

II. Origin of the Collections about to be described.

After the completion of the description of the Fossil Corals of Western Sind *, the

Superintendent of the Geological Survey, H. B. Medlicott, Esq., F.R.S., decided to

accede to our request and to send to us for description the magnificent series of

Echinoidea which had been carefully collected by skilled collectors under the instruc-

tion of Messrs. W. T. Blanford, F.RS., the Deputy Superintendent, and Mr. Fedden,

F.G.S.

The specimens we found to be numerous, usually in a good state of preservation,

and to have had their geographical and stratigraphical positions carefully recorded.

They had been obtained from all the fossiliferous horizons which had yielded fossil

corals to the Survey ; and, moreover, there was a collection included from the tertiaries

of Cutch.

Anticipating that the examination of the Echinoidea might enable the geological

age of the upper members of the great tertiary series to be satisfactorily determined,

after the more or less definite statements which the study of the corals had necessitated,

we asked for and received a collection of fossils from the Makran series of Baluchistan

and the Persian Gulf. Lately a small collection of recent Echinoidea from the' coasts

of Sind has been sent.

After considering the work before us, we agreed, with the sanction of the Superin-

tendent of the Geological Survey of India, to bring out the descriptions in Parts, each

of which will relate to the fossils of one of the great geological divisions. Every fossil

has passed a careful examination by both of us ; we have generally drawn the details

of the structures ; and many difficulties have been surmounted by a process of careful

mutual criticism. We have, where it has been possible, considered the varieties of

species and the variations during growth.

III. The Stratigraphical Belations of the Deposits containing Echinoidea in

Western Sind.

The detailed description of the geology of Western Sind is to be found in the

Memoirs of the Geological Survey of India, vol. xvii. part 1 (1879), by W. T. Blanford,

F.E.S. &c., Deputy Superintendent of the Geological Survey of India; and it is

therefore only necessary to explain those parts of it which relate to the general succession

of the stratigraphical series and the position of the strata yielding Echinoidea.

The mountain-ranges west of the Indus run nearly north and south, in irregular

* "A Monograph on the Possil Corals and Alcyonaria of Sind," by P. Martin Duncan, Palssontologia

Indica, ser. xiv. vol. i. pt. 2 (1880).
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parallel series. The longest range, the Khirthar, is slightly curved, the concavity being

to the east; and it extends from slightly south of 26° N. lat. to close to 28° N. lat.

The Laki range, more to the east, is nearly coincident -with the sixty-eighth parallel of

east longitude, and extends from the Indus north of 26° N. lat. to nearly a degree to

the south. Other minor but nearly north-and-south ranges occur ; and the v?hole were

comprised by MM. d'Archiac and Haime under the title of the Hala range (a name

unknown to the natives).

The following is the list of geological formations in Western Sind, and which are

to be recognized in one or other of the mountain-ranges * ;

—

Group. Subdivisions.
Approximate
Thickness.

Age. Remarks.

Alluvial

Mancheae

GIj

Naki

Khiethak

Eanikot .

.

Teap

Ceeiaceotts .

Tipper

Lower

Upper

Lovrer

Tipper

Lovrer

Oardita Beaumonti

beds.

Sandstones

Limestones with
Hippurites.

feet.

?

5000
"

3000-5000 .

.

1000-1500 .

.

4000-6000 .

.

100-1600 .

.

500-3000 .

.

6000 ?

2000

40-90
360-450 ....

700
320.

Post-Tertiary.

Pliocene.

Old Pliocene or Tipper

Miocene.

Miocene

Oligocene.

;:
{

Nummulitic

Lower Nummulitic .

.

Deccan Trap.

Transition beds

Cretaceous

Tlnfossiliferous.

Vertebrate remains.

Coralliferous ; no Num-
mulites.

TInfossOiferous.

CoraUiferous, with Num-
mulites garansensis.

Nummulitic limestone.

Tlnfossiliferous.

Fossiliferous. Corals and
Nummulites.

Fossiliferous.

Horizon not determined.

Explanatory Sections.—In the Laki range, south-west of Amri on the Indus,

are dark-coloured hills, which contrast with the cliffs of grey and white Nummulitic

limestone behind them. A section close to the hill called Barrah, is given by W. T.

Blanford, F.R.S. ; and it shows that the range consists of three parallel ridges (see

fig. 1, p. 6).

The outer, to the east, is composed of Tertiary rocks ; while the intermediate one

consists of Cretaceous beds, faulted to the eastward against the Lower Eocene strata,

and dipping under them to the westward.

This section shows the normal sequence of the groups of strata from the Cretaceous

to the Khirthar inclusive. Above the Nummulitic limestone of this last group, the

Nari and Gaj series are wanting, and the Manchhar succeeds f

.

On the Gaj river, in the Khirthar range, W. T. Blanford remarks that a thick-

ness of at least 25,000 feet of strata is exposed (see fig. 2, p. 6). The succession from

west to east is :—unfossiliferous strata, probably of Cretaceous age, followed by Khirthar

* From the Memoir by Blanford, p. 32, slightly modified,

t Memoirs Geol. Survey of India, vol. xvii. pt. 1, p. 131.

b2
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strata (the Kanikot series, the lowest Eocene, being absent) ; then the lower and upper

Nari series come in, and are followed by the Gaj and the Manchhar deposits.

The lowest deposits containing Echinoidea occur in the soft olive shales and sand-

stones with volcanic ash, belonging to the Cardita Beaumonti series below the trap.

The accompanying remains are those of Amphiccelian Crocodilia and Corals, Cdryo-

phyllia compressa, C. Indica, Trochocyathus LaMi, Smilotrochus Jakhmari, S. Blanfordi,

a Stylophora, Rhabdophyllia Barkii, and Litharcea ejpithecata. The deposit was neither

a reef-structure nor a deep-water one.

The lower part of the Eanikot series, resting immediately on the trap, consists of

soft sandstones, shales, clays with gypsum and lignite, and pyritous shale. A few frag-

ments of bones and some dicotyledonous leaves occur. These freshwater strata are

succeeded by highly fossiliferous marine limestones, often brown in colour, interstratified

with sandstones, shales, clays, and ferruginous bands.

Nummulites appear for the first time ; and there is a grand development of Corals,

Echinodermata, Gasteropoda, and Cephalopoda. It was not a very deep-water forma-

tion. Erosion of the surface of the Eanikot strata occurred before the deposition of

the next series.

The Khirthar series includes in its highest portion, a massive, pale or dark grey,

hard, compact Nummulitic limestone whose extreme thickness is 3000 feet. It thins

out to the south-west, and disappears within a distance of twenty-five miles of its

greatest development. Other Nummulitic limestone-beds are found, which may be

lower in the series ; and they and the main group are represented elsewhere by shaly

limestones and sandstones with calcareous bands. In some districts flint occurs in a

limestone with Alveolince. The lower members of the series are often wanting, and

are well represented by shales, marls, and sandstones; and where these are present

unconformity with the underlying Eanikot beds is not seen ; but where they are absent

the Nummulitic limestone (as in the Laki range) rests unconformably. The compact

limestone is of course highly fossiliferous ; but it has not yielded very good specimens

of Corals. The indications of a fringing-reef-building fauna, or a bank of coral, are

distinct ; but the species when compared with their modern analogues do not indicate

a great reef-development. Amongst other fossils, Lamellibranchiata prevail, and the

Echinoidea are numerous ; but the Nummulites and Orbitolites, Alveolince, and Patel-

lince are the most important organic remains. Amongst the Nummulites there are

W. Bamondi, J^. hiaritzensis, N. Beaumonti, N. granulosus, and N. Leymeriei.

The Nari series rests conformably on the Khirthars ; and there is occasionally an

apparent passage from the Khirthar limestone into a yellow or brown rock of the Nari

group. There is, however, a biological break ; for the Nummulites of the upper group

are characteristic, and differ from those of the lower. The Khirthar forms are not

found, and Nwmmulites garansensis appears with Orbitoides papyracea, in the Nari

series. The rock is a limestone with intercalations of sandstones and shales. As a rule,

shales, fine sandstones, and occasional bands of limestone form the base of the Nari

group, and pass upwards into coarse, massive, thick-bedded sandstones, attaining a

thickness of from 4000 to 5000 feet on the eastern flank on the Khirthar range.
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A local break occurs to the south, and the Upper Nari beds rest unconformably on

the denuded edges of the Lower Nari brown limestones ; and still further south, fifty

miles east of Karachi, there is a well-marked distinction between the upper members of

the group with Orbitoides papyracea and the lower with Nummulites garansensis ; and

in one locality the upper member overlaps the lower, and rests on Khirthar limestone.

To the east of the Laki range the Nari beds are wanting, and the Manchhar series

rests unconformably on the Khirthar, with some pebble-beds of the Gaj series inter-

vening. But to the west of the range the Nari and the Gaj series are found in their

normal sequence ; and towards the coast the exact distinction which can be drawn else-

where, stratigraphically and petrologically, between the Tertiary series is not possible

:

this is mainly due to the disappearance of the limestone element of the Khirthar and

Nari series, and to the prevalence of sandstones and shales. The fossils, however,

distinguish the groups ; but the horizons of the zones of Nummulites and Orbitoides

vary, being higher or lower in their proper series according to locality.

The upper sandstones of the Nari group have not yielded marine fossils, and in

Upper Sind they contain the remains of plants.

The Nummulites become fewer in their species at the base of the Nari group, and

cease to be found in the lower beds of the succeeding series, the Gaj.

The Gaj group, with a base of highly fossiliferous limestones and calcareous beds,

more or less shaly and stratified, overlies the softer shales and sandstones of the Nari

series. The development of the calcareous series is great ; but it is subordinate to an

arenaceous element. The sandstones are intercalated with clays with gypsum; and

shales and bands of limestone, highly coralliferous, are very constant.

The Gaj series rests conformably on the Nari series ; although there is a minera-

logical break, the passage is so gradual that calcareous bands of the Gaj series are found

interstratified with the uppermost Nari sandstone. The Gaj series overlaps the Nari to

the south and rests on the Khirthars, and is wanting in Lower Sind to the eastward of

the Laki range.

North-east of Karachi the series is highly developed, and massive limestones

occur ; they reach as far as the coast.

The uppermost beds of the Gaj series are variegated clays and grey sandstones,

which form a passage into the overlying Manchhar strata, and contain species of

Ostrea, Corbula, Area, Scalaria, Buccinum, and Turritella. A crab of the genus

Typilohus and Vicarya Verneuilii have also been found there. The oyster is like

Ostrea multicostata. The Echinoderms are numerous. The Corals found, princi-

pally associated with the limestone-beds, are very difiierent in their aspect from those

of the underlying Nari group. They belong for the most part to reef-building

genera ; and some are represented in modern reefs by allied species, which grow in

the surf and in the most exposed parts. The rest were dwellers in quiet water.

Great masses of the coral limestone consist of Stephanocoenia maxima in casts ; and the

presence of the genera Madrepora, Haliastroea, and Porites is very significant of

shallow-water conditions.

' Besting on the Gaj strata is the Manchhar group ; and where the Gaj beds are
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wanting, and even where the Nari series is deficient, this upper group rests on the

Khu-thars. It is not a marine deposit.

The general conformity of this great tertiary series is evident^although local

unconformities occur, and there is evidence in favour of there having been some

disturbance of the older rocks before the deposition of the Lower Manchhar group.

The subsidence which took place during the deposition of these thick shallow-water

deposits was vast ; and there were occasional slight upheavals. The final epoch of

the mountain-formation occurred after the deposition of the Manchhars. The strike of

the chains is in the main north-and-south ; and the thrust came from the west to the

east, and from east to west.

The date of the great mountain-formation is subsequent to the deposition of the

sedimentary strata forming the Upper Manchhars.

Fig. 1.

—

Section through Barrah Eill. (Scale, 1 inch to 2500 feet.)

BanaJi Hill, Fault.

a, Manchhar strata, rest on pale clays of Khirthar age, with NummuUies Leymeriei, and then on Ehirthar

Nummulitic limestone, 6, the beds dipping to the west. This limestone forms the eastern ridge. "West

of the ridge is some low ground, in which the upper members of the Eanikot group, c, crop out, also

with a reversed dip. They end abruptly against a cHfE of white and grey limestone, the boundary being

a fault. This limestone, g, forms the base of the Barrah HUls, and contains Hippurites. A great

thickness of sandstones, /, forms the top of the dark-coloured hills. On the top of the hiUs is a bed

containing oysters and fragments of apparently reptilian bones. West of the hiUs are olive shales with

Cardita Beaumonti, e.- The trap, d, follows, and then the Eanikot group, c, which is of great thickness,

and the Khirthar limestone, 5.

w.

Parh.

Fig. 2.

—

General diagrammatic Section of Khirthar Range, on the north hank of the

Gdj River. (After Blanford, half size.)

Khirthar,
G4j river. 2000 feet. 400O feet.

I
; !

GAj river. Sur Hill.
Chatia H. S.,

1900 feet.

E.

Indus
plain.

Cretaceous.
,.

Khirthar. Nari, G^. Manchhar.

a, Indus plain ; 6, upper, c, lower Manchhars ; d, Qri] ; e, upper, and /, lower Nari. (Abbreviated from the original.)
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IV. Description of the Fossil Echinoidea from the Strata below the Trap in Sind.

The Teansition Cketaceous Series.

List of Species described.

From the strata below the Trap containing Litharcea epithecata and Cardita

JBeaumonti.

Order ECHINOIDEA ENDOCYCLICA.

Family CIDABIBJE.

Genus Cibaeis, Klein, 1734.

Cidaris lacryimJa., Duncan 8( Bladen.

Order ECHINOIDEA EXOCTCLICA.

Suborder ATELOSTOMATA.

Family GASSIDULIDM.

Genus novu/m Plesiolampas.

Plesiolampas elongata, Duncan <Sf Sladen.

Genus EoHlNANTHcrs, Breynius, 1732.

Echinanthus pumilus, Duncan £{ Sladen.

Family SPATANOIDJE.

Genus Linthia, Merian, 1853.

Linthia Sindensis, Duncan Sf Sladen.

The fossil Echinoidea collected by the Geological Survey of India from the beds

beneath the Trap and underlying the Nummulitic series were obtained from below

Jakhmari peak in the Laki range west of Amri and from Barki nala north of Eanikot,

also in the Laki range.

None of the Echinoidea described by MM. d'Archiac and Jules Haime were

found in these strata below the Trap.

Order ECHINOIDEA ENDOCYCLICA.

Family CIBARIByE.

Genus CIDAEIS, Klein, 1734.

Test circular, more or less depressed above and below.

Ambulacral areas narrow, flexuous. Poriferous zones composed of simple pairs of

pores, non-conjugate, the dissepiment usually developing a more or less prominent

granuliform swelling. Interporiferous spaces narrow, bearing granules only.
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Interambulacral areas wide, usually three or four times the width of the

ambulacral areas, with two vertical rows of primary tubercles. Primary tubercles

large, perforate or imperforate, crenulate or non-crenulate, rising from a circular or oval

scrobicule, surrounded by a scrobicular ring of miliaries.

Apical system large, subcircular.

Peristome subcircular, without notches.

Spines elongate, robust, very variable in form and ornamentation.

1. CiDAEis LACETMULA, sp. nov. Plate I, Figs. 1-7.

Form circular, depressed, tumid at the ambitus, and smaller above than below,

where there is considerable flattening. Height of the test about one half of the

diameter.

Ambulacra rather broad and slightly flexuous. Poriferous zones broader than

half the interporiferous area, and slightly sunken. The pores are large and

transversely elliptical, non-conjugate, being separated by a vertical and convex process,

which externally resembles a compressed granule ; this merges aborally and adorally

into the general superficies of the plate, which is continued around the pores in more

or less of a ridge. There are 26 to 27 pairs of pores in relation to two of the largest

interambulacral plates. The interporiferous (ambulacral) areas are narrow, and have

at the ambitus two rows of small mamillated tubercles placed close to the pores, and

two rows of very small tubercles (miliaries) between them. Near the apex and

actinostome these central small tubercles are not seen.

The interambulacral areas are about three times the width of the ambulacra at

the ambitus; and there are two rows, of six to seven primary tubercles, in each

interambulacrum.

Primary tubercles moderately prominent ; mamelons rather small and somewhat

depressed, not crenulated. Scrobicules wide, circular, occupying much of the plate,

and only slightly sunken ; the tubercle not greatly elevated, surrounded by a complete

circlet of small mamillated tubercles, the boss being somewhat shield-shaped, with

the truncate margin falling into the scrobicular circle, and the mamelon more or less

tear-shaped, the tapering extremity beiag directed inwards towards the primary

tubercle. There are about thirteen of these secondary tubercles in the ring ; and

between each of them alternates a small simple tear-shaped miliary tubercle, with the

fine extremity pointed inwards. The miliary zone is narrow, naked along the suture,

and slightly impressed, the ornamentation consisting of one or two series of small tear-

shaped granules which are placed external to, and alternate with, those of the

scrobicular ring above mentioned. On the aboral and adoral margins of the inter-

ambulacral plates, however, there is only room for the accommodation of the granules

of the scrobicular ring ; and as the plates approach the actinostome the adoral margin

even of this is more and more encroached upon. On the side, between the ring and

the poriferous zone, there is seldom more than a single series of the small miliary

granules supplementary to those of the ring.

Peristome rather small, margins more or less inturned. Apical disk comparatively
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large. The preservation of the specimens unfortunately renders any further details

unobtainable. Radioles unknown.

Dimensions. Height of the larger specimen ys indi- Height of the smaller speci-

men ^ inch. Breadth -^q inch.

Locality. Below Jakhmari peak, Laki range, west of Amri. Survey-number

G 2 80
137'

ItemarJcs. There are two specimens of this Cidaris, one small and without its

apical system, and the other more fully grown but more or less crushed. They belong

to the same species.

Illustrations of the Species in Plate I.

Fig. 1. The test, seen in profile: natural size.

2. The same : magnified.

3. A portion of the ambulacral area : magnified.

4. Profile outline of the same.

5. Tnterambulacral plate : magnified.

6. A primary tubercle, seen in profile : magnified.

7. A portion of the scrobicular ring, showing the shield-shaped boss of the

tubercle and the tear-shaped mamelon : magnified.

Order ECHINOIDEA EXOCYCLICA.

Suborder ATELOSTOMATA.

Family CASSIDUZIDM

Genus PLESIOLAMPAS, gen. nov.

Test oval, elongate, depressed, gently convex above, concave beneath around the

peristome ; actinal surface and margins tumid.

Ambulacra subpetaloid, unequal, widely open at the extremities. Poriferous zones

almost straight, subequal. Pores round, subequal, the outer slightly elongate.

Apical system compact, excentric in front.

Peristome subcentral or slightly excentric in front, subpentagonal.

Poriferous zones continued on the actinal surface in single pores ; a few supple-

mentary ones present near the peristome ; floscelle rudimentary.

Periproct larger than peristome, inframarginal, oval, placed longitudinally.

Tubercles numerous, small, non-mamillated, imperforate, non-crenulate, completely

sunken in deep, wide scrobicules ; miliary granulation compact.

The genus to which the present form is most nearly related, is JEchinolampas, of

which, indeed, the fossil might at first sight almost be regarded as an abnormal species.

c
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On examination, however, it is found to differ from Echinolampas in so many points

that we feel compelled to regard it as the type of a new genus.

Plesiolampas differs from Echinolampas in its almost straight ambulacra, its

subequal poriferous zones, its round, nearly equal pores, its periproct placed longi-

tudinally, its mouth, and the absence of a definite floscelle, and, lastly, its imperforate

tubercles.

The large longitudinal periproct of Plesiolampas recalls Amblypygus, from which,

however, the present genus is easily distinguished by the form of the test, the characters

of the ambulacra (above mentioned), the single pores on the ambulacral plates of the

actinal surface, and the character of the peristome, which in the new form is sub-

pentagonal or transversely elongate and certainly not oblique.

No other Cassidulid appears to approach sufficiently near to need comparison.

This genus is also represented in the Eanikot series above the Trap in Sind.

1. Plesiolampas eloi^gata, sp. nov. Plate I, Figs. 8-16.

General form elongate, depressed, convex above, tumid at the sides and in front,

slightly rostrated behind. Actinal surface sunken round the peristome, otherwise convex.

Marginal contour nearly elliptical, rather more rapidly tapering behind than in front,

and also slightly truncate. The longitudinal profile shows the apical summit to be

slightly excentric in front, and more so than the peristome ; the posterior slope is very

gradual until it reaches the margin, where it is roundly curved over the posterior

rostration ; the anterior slope is much more rapid, and the rounding of the upper

portion of the margin less bombous. The transverse profile shows the dorsal area to be

evenly rounded, not conoid ; and the lateral slopes are more rapid than either of the

slopes of the longitudinal profile.

The apical system corresponds with the apical summit of the test, the distance

from the centre of the system to the anterior margin being about 40 per cent, of the

length.

There are four generative pores, which are large ; the anterior pair round, and the

posterior pair elongate and subpyriform and larger than the anterior pores. The

ocular plates and pores are exceedingly small. The madreporiform body occupies the

whole of the centre of the system.

The ambulacra are narrow, straight, flush with the surface of the test, widely open,

and do not reach the margin, the posterior pair being the most remote from it. The

postero-lateral ambulacra are rather longer than the antero-laterals ; but these latter

are perhaps slightly broader, and the odd anterior ambulacrum is a shade narrower

than either of the others. The anterior pair form an angle of 135° with one another,

and the posterior pair an angle of 61°, this latter being the index of the odd posterior

interradium. The shape of the odd anterior ambulacrum and of the posterior pair is

that of a straight narrow band, converging regularly and somewhat rapidly to the small

extremity at the apical pole ; and their breadth, at the widely open extremity, is only the

slighest degree narrower than the breadth at the widest portion across the middle of
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the petal. In the anterior lateral petals the posterior zone is slightly curved outward,

whilst the anterior one is straight.

The poriferous zones are narrow and of uniform breadth throughout, excepting

the normal diminution of size at the extremity as they approach the apical pole. The

breadth of the poriferous zone is rather more than half the breadth of the interpori-

ferous area. The pores are almost equal, the inner pores of a zone being round, the

outer ones very slightly elongated transversely—so slightly, however, that it is scarcely

perceptible. The pores are very faintly conjugate ; for the furrow between them is

most faint, and is produced merely by the bevelling of the narrow dissepiment. This

dissepiment is of uniform breadth throughout the zone. In the postero-lateral ambulacra

the anterior zone has 43 pairs of pores, and the posterior zone has only one pair less ; in

the anterolaterals the anterior zone has 35 or 36 pairs of pores, and the posterior zone

one pair less. The odd anterior ambulacrum has probably nearly the same number

of pores ; but it is impossible to state this definitely, owing to the outer portion of the

petal being concealed. The series of double pores (or, in other words, the petals)

terminate abruptly at about one third of the distance from the margin to the apex.

A series of only single microscopic pores is carrie d forward over the ambitus ; and there

is scarcely any increase in size, until half of the actinal portion of the ambulacrum has

been traversed ; they then increase in size and proceed to the peristome, there being still a

single pore to a plate. At the oral extremity of the ambulacrum there are traces of

two or three supplementary pores, which are probably the indications of an incipient or

rudimentary phyllode. Unfortunately the preservation of this portion of the test is

not such as to allow of definite determination. The ornamentation of the inter-

poriferous area within the petal is similar to that of the interambulacral plates, and

consists of rather widely spaced, small primary tubercles, non-crenulate, sunken in a

wide and deep scrobicule, the interspaces being filled with a miliary granulation, and

which has become confluent to a great extent, owing to dense crowding. The

scrobicules are as wide as, or wider than, the ambulacral plates ; and they do not occur

upon every plate in the series, but are usually separated by one or two blank plates, the

arrangement of the tubercles being quite irregular.

In the interradial areas on the abactinal portion of the test the plates are com-

paratively broad, and have a sharp angular bend. The plates are uniformly covered

with primary tubercles and intermediate granulation similar to that already mentioned,

excepting that perhaps the scrobicules and their contained tubercles are slightly larger.

The tubercles are rather wide apart ; but at no place is the intermediate granulation

equal in breadth to the diameter of the scrobicule. About four irregular alternating

horizontal lines of primaries may be traced on a plate. The interradial plates are

equal in length (depth) to six or seven of the ambulacral plates at the middle of a

petal. On the actinal surface of the test the scrobicules are somewhat larger than

those in the abactinal area ; they are also more closely placed, and the intermediate

granulate portion is much narrower, frequently not more than the breadth of a single

series of granules

.

The peristome is slightly excentric in front, small, and deeply sunken. It appears

c2
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to be subpentagonal in shape ; but, owing to the condition of the specimen, it is

impossible to determine with accuracy the details of the form and structure of this and

the adjacent parts of the test. There appears to have been no development of the

peristomial interambulacral plates (bourreiets), although it is probable that a rudi-

mentary floscelle was formed by the small incipient phyllodes above referred to.

The periproct is large, elongate, oval or subpyriform, the long axis placed longi-

tudinally, half on the margin and half on the actinal surface of the test, quite

invisible from above, and overarched by the slight posterior rostration of the odd

posterior interradium. It measures about one quarter of an inch in length, and is much

larger than the mouth. Too great importance, however, must not be placed upon the

actual measurement, as the margin of the aperture has been to a certain degree

modified by damage, either previous to fossilization, or during the process of clearing

from the matrix when found.

Dimensions. Length of the specimen 1^ inch ; breadth 1^ inch ; height

I inch.

Distance of apical system from posterior edge yo inch.

Locality. Below Jakhmari peak, Laki range, west of Amri. Survey-number
n 2.80

Illustrations of the Species in Plate I.

Fig. 8. Abactinal aspect of the test : natural size.

9. Actinal aspect of the test : natural size.

10. Outline of the longitudinal profile of the test.

11. Outline of the transverse profile of the test.

12. Apical system : magnified.

13. A portion of the ambulacral and interambulacral areas : magnified.

14. Part of an ambulacrum near the peristome: magnified.

15. Tubercles on the abactinal surface : magnified.

16. Tubercles near the ambitus : magnified.

Genus ECHINANTHUS, Breynius, 1732.

Test oval, elongate, subdepressed, more or less convex above, and slightly concave

below ; margins tumid.

Ambulacra petaloid ; petals short, unequal, widely open at their extremity. Pori-

ferous zones subequal, with pores round or oblong
; pairs conjugate, united by a groove.

Apical disk compact, excentric in front.

Peristome subpentagonal, more or less excentric in front; floscelle more or less

developed.

Periproct oval, often vertically elongate, marginal or supramarginal, placed at the

summit of a more or less well-developed groove.

Tubercles small, crowded, perforate, non-crenulate, sunken in a deep scrobicule

;

miliary granulation more or less compact.
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1. EcHiNANTHUS PUMILUS, sp. nov. Plates II & III.

General form depressed, longer than broad, convex above; sides high, rounded

and tumid ; actinal surface slightly concave towards the mouth. Marginal contour

rather widely oval, broadest posteriorly, slightly truncate at the posterior extremity,

and faintly incised by the shallow infraperiproctal groove. The longitudinal profile

shows the apical summit excentric in front, the posterior slope very slight indeed, the

anterior one rather more rapid and rounded, and the whole dorsal area comparatively

flat, in consequence of the uniformly high, thick margin or sides, equally rounded

above and below. The transverse profile a regular curve, of slight elevation, very

faintly conoid over the apical summit. Posterior extremity slightly truncate, almost

vertical. Periproct elongate, oval, vertical, situated at the extreme top of the

extremity, the margins above and laterally being slightly carinate, whilst an extremely

faint groove is developed below, which dies out as it passes over the margin onto the

actinal surface.

The apical systeih corresponds with the apical summit of the test, is excentric in

front, the distance from the centre of the system to the anterior margin being about

40 per cent, of the length. The generative pores, four in number, are large ; the

anterior pair closer than the posterior, the large madreporiform body, which occupies

the space between, being covered with miliaries. The ocular plates are large, although

their pores are very small. The anterior ocular plate fits in between the anterior

generative plates, and also the ocular plates of the antero-lateral ambulacra between

the anterior and posterior genital plates. The posterior ocular plates do not come so

far within the posterior generative pair, and are themselves separated by the intrusion

of the madreporic body.

The ambulacra are narrow, rather short, and nearly equal, the posterior being

slightly longest. All are subpetaloid and open externally, the posterior pair ending a

little nearer the margin than halfway from the apex, the other ambulacra approaching

the ambitus more closely. The anterior ambulacrum is a shade narrower than the

others; and the poriferous zones do not approximate as they approach the ambitus,

so as to form a petaloid interporiferous area, the breadth of which in this ambulacrum

is as great at the distal extremity as at the middle of the petal. The anterior pair

of ambulacra form an angle of 136° with one another, and the posterior pair an angle

of 57°, this latter being the index of the odd posterior interambulacrum.

The poriferous zones are narrow and of uniform breadth tliroughout, excepting

the normal diminution of size at the extremity on approaching the apex. The zones

are slightly sunken, and the interporiferous areas slightly raised or flush with the test;

and the zones of the odd anterior ambulacrum are a little irregular in their direction.

The breadth of the poriferous zone is rather less than one half of the breadth of the

interporiferous area. The pores are equal, round, and conjugate, the grooves being

oblique and very distinct ; the keel between with a row of granules. There are about

26 to 28 pairs of pores in each zone of the anterior and antero-lateral ambulacra, and

32 in the posterior. A single pore only of each zone is continued from the termi-

nation of the petals and passes over the ambitus, i. e. one pore to a plate, situated in a
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little elongate, oblique groove,—the interporiferous area (or, more correctly here, the

ambulacral area) expanding from the petal up to the ambitus, and from thence con-

tracting until near the phyllode, when it again expands. The phyllode is well developed,

widening moderately and then contracting with a graceful curve as it approaches the

margin of the peristome. The plates are short and broad, and the pores consequently

closely placed. The pores are rather large, sunken in little cavities, punctured between

the sutures of two neighbouring plates, all uniformly distant from the outer extremities

of the plates. A double series of inner, supplemental pores, 7 to 10 in number, are

present within the phyllode, each pore borne on the margin of a small supplementary

plate inserted between the regular series of ambulacral plates which constitute the

phyllode. These supplementary plates are not more than half the breadth of the

primary ones, excepting the outermost of the series, which usually extends the whole

breadth of the ambulacral column. Two, or even three, primary plates stand between

each secondary or supplementary ; consequently the inner pores are much wider apart

than the outer series. The inner pores are placed in two straight lines, which

diverge slightly, being closer together adorally than aborally. The punctures of the

peristomial ambulacral plates are large and placed close together within the actual

margin of the peristome ; they are separated only by a broad dissepiment ; and a narrow

bridge-like strip forms a sharp although diminutive ridge arching over them above

and dividing them from the inner pores of the phyllode just described. Immediately

above, i. e. aboral to, this ridge are several blind pits, not punctured, which are probably

the cavities in which sphseridia were placed, and which, on cursory examination, are at

first sight rather liable to be confused with the inner pores of the phyllode. The

ornamentation of the interporiferous area, within the petal, is precisely similar to

that of the interambulacral area, and consists of minute primary tubercles, perforate

and crenulate (the latter quite microscopic), situated within a deep and moderately wide

scrobicule. The margin of the scrobicule is composed of small, closely placed, uniform

miliaries, forming a complete circle which comes close up to those of the neighbouring

primaries, any interspaces being filled up with miliaries. The whole miliary granu-

lation is compact and confluent, forming a uniform test-surface level with the tops of

the primary tubercles. Near the ambitus the tubercles are slightly smaller and more

crowded, the miliary interspaces being much reduced, and consisting only of single

lines of miliaries, which are also more completely coalesced. Towards the actinostome

the primary tubercles are more widely separate; but on the rest of the test the

ornamentation is remarkably uniform and closely crowded.

The peristome is considerably excentric in front, moderately large, elongate trans-

versely, and pentagonal, the amount of angularity varying considerably. The actual

margin is very deep, plunging upwards nearly vertically. The interradial peristomial

plates form well-developed bourrelets, which are large, broad, more or less bombous,

and with a crested rim, the whole peristomial ring being granulated with a minute

tuberculation, becoming very much smaller on the ambulacral than on the interradial

plates. The periproct is moderately large, oval, with the elongation vertical, placed at

the extreme upper portion of the posterior end of the test, the upper extremity of the
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orifice being just apparent when the test is viewed from above. In some specimens

the median interradial portion of the odd interambulacrum is rather bombous and

subcarinate in the neighbourhood of the orifice ; but this is a character subject to

more or less variation, as is also the development of the subanal groove : these modi-

fications will be mentioned below.

Variations. The variations of form, in specimens of the same size, chiefly affect

the general shape. Some are more circular, more swollen posteriorly, and broader than

others. Indeed there almost appear to be two types of this species, one of greater length

than the other in relation to breadth and with a more angularly pentagonal peristome ;

but intermediate forms unite them in one species. In some examples, again, the inter-

radial areas are more bombous around the peristome, which is less transversely elongate

and rather more deeply sunken, the bourrelets being narrower and less prominent, and

the phyllodes slightly sunken, which brings out the latter into very distinct definition.

Premature Forms. A large series of specimens was collected, so that it is possible

to trace the method of growth and the changes which occurred in the morphology of

the test in young and older forms.

Young specimens, -^q inch in length, are of the same breadth, and measure rather

more than xo i^^ch in height. The mouth is very slightly excentric ; the periproct

large, and not in a groove, but on the rounded margin, close on to the dorsal area, and

consequently at a very much higher plane than the mouth. The globular appearance

is marked.

Another, rather more than -^ inch in length, is rather less in breadth, and is

j%- inch in height ; it has the mouth more excentric ; the keel on the back has com-

menced; and the periproct is at its end and high up, there being no groove. The

ornamentation is very similar everywhere.

Another, not quite ^ inch broad, is rather over -^ inch in length, and the height

is rather over -^ inch. ^^, -^g, and -^ are the respective measurements of another

specimen.

Hence it follows that Echinanthus pumilus is more globular when young,

and that during the process of growth the test increases more in length than in

breadth, and that there is a still greater proportional diminution in height. In

addition to the greater breadth of the young forms when compared with the older, the

test is relatively higher behind, and the apical system is slightly more excentric than

the peristome. The character of the ambulacra appears to undergo little change, even

the wavy irregularity of the zones of the odd anterior petal being present in the early

stages. The conjugation of the pores, however, is not apparent in very young phases.

Remarks. Fractured specimens show a thin test, and that there is not the

slightest arrangement of internal pillars or doubling of the walls. The character of

the present species recalls strikingly that of small specimens of the Echinanthus

scutella of European geologists ; and the conformity of the structure of the mouth of

the Sind form to that of known Cassidulidse is absolute, and is altogether distinct from

that of the so-called Echinanthi of A. Agassiz, which are true Clypeastroids.

The present species is well characterized, and readily distinguishable from other
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known forms. E. testudinarius, Desor, and B. Biarritzensis, Cotteau, are, perhaps, the

nearest related. Compared with E. testudinarius, the keeled and elevated posterior

interambulacrum, the greater height posteriorly of the test, the greater length and the

smaller angle of divergence of the posterior petals, as well as the general shape of the

ambulacra and the different character of the posterior extremity in the new form are

distinctive. From E. Biarritzensis the Sindian species is well marked by its more

broadly oval contour, with no trace of rostration posteriorly, by its greater depression,

by its much narrower and smaller ambulacral petals, and by its elongately ovate

periproct.

The nature of the posterior truncation, the absence of a projection posteriorly

beneath the periproct, and, more important still, the character of the ambulacra and

of the peristome separate the species from Cassidulus as a genus.

The absence of the longitudinal smooth band between the mouth and the

periproct, the outline of the posterior portion of the test, and the vertical position of

the periproct distinguish the species from members of the genus PygorJiynchus. In

some specimens, however, a slight median smooth space occurs along the median line

of the posterior interradium ; but this is in all probability only the result of wearing,

as tubercles are present in well-preserved specimens.

The species above described is not comparable with any form of Echinolampas,

the position of the periproct, its longitudinal elongation, the simplicity and equality of

the ambulacra, and the well-developed floscelle readily remove our form from that

genus. Neither is it comparable with the Bhynchopygus, Botriopygus, Nucleolites, or

Echinobrissus of palaeontologists.

Leaving out the details of structure enumerated above, which clearly determine

the generic position of this species, the form may be said to recall in a general way

some of the characters of Catopygus and Echinolampas—this, however, suggestively

rather than in reality.

Dimensions. The following are the measurements of three of the largest spe-

cimens :

—

Length 1-^ inch, -^ inch, 1 inch.

Breadth -^o inch, -^^ inch, xo inch.

Height -Yo inch, -yq inch, ^ inch.

Locality. Barki nala, hills north of Eanikot, Laki range. Survey-number G ff§.

Illustrations of the Species in Plates II & III.

Plate II.

Fig. 1. Actinal aspect of the test: natural size.

2. Abactinal aspect of the test : natural size.

3. Profile view of the test, showing the posterior extremity : natural size.

4. Outline of the transverse profile of the test.

5. Apical system : magnified.
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Fig. 6. Apical system from another example, considerably weathered : magnified.

7. Peristome and floscelle of the same specimen as Figs. 1-5 : magnified.

8. Tuberculation of the abactinal surface : magnified.

9. Tuberculation of the actinal surface, just below the ambitus : magnified.

Plate III.

1. Abactinal aspect of the test of another specimen : natural size.

2. Longitudinal profile of the same : natural size.

3. Transverse profile of the same, showing the posterior extremity : natural

size.

4. One of the ambulacral petals : magnified.

5. The two posterior phyllodes of the floscelle : magnified.

6. Longitudinal profile of another specimen : natural size.

7. Transverse profile of the same, showing the posterior extremity: natural

size.

8. Actinal aspect of another specimen : natural size.

9. Portion of the margin of the peristome of the same, showing the oral

termination of the ambulacra and the formation of the phyllode,

denuded of ornament : magnified.

10. Actinal aspect of another specimen : natural size.

11. Portion of the margin of the peristome of the same, seen obliquely,

denuded of ornament : magnified.

12. Abactinal aspect of the test of a small specimen, with well-developed

keel : natural size.

13. Longitudinal profile of the same : natural size.

14. Transverse profile of the same, showing the posterior extremity : natural

size.

15. Abactinal aspect of the test of a small specimen : natural size.

16. Abactinal aspect of the test of a still smaller specimen : natural size.

17. Three odd anterior ambulacra : magnified.

Family SPATANGIBJE.

Genus LINTHIA, Merian, 1858.

Test oval, subcordiform, convex above, flat beneath.

Ambulacra petaloid, sunken, unequal, the posterior pair shorter and less divergent

than the anterior pair. Poriferous zones equal ; pores subequal. Anterior odd ambu-

lacra different from the others, placed in a deep anterior groove, which may or may not

indent the margin. Poriferous zones composed of small pores, in simple pairs, more

or less widely spaced.

Apical system compact, excentric in front.

Peristome bilabiate, excentric in front.

Periproct oval, situate at the summit of the posterior extremity.

D
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Peripetalous fascicle complete, more or less indented between the lateral ambu-

lacra. Lateral fascicle branching off from the peripetalous fascicle near the extremity

of the antero-lateral petals, and passing below the periproct with a rapid curve.

Tubercles small, prominent ; scrobicules very shallow.

1. LiNTHiA SiNDBNSis, sp. nov. Plate IV.

The test is rather depressed; marginal contour roundly heart-shaped, truncate

behind, and broadly and rather deeply grooved in front. It is as broad as it is long,

the greatest breadth being in a line with the apical system, and the margin being

more rounded in front of this line than behind it. The upper surface is more or less

uniformly convex, and the posterior interambulacrum slightly carinated. Seen in

longitudinal profile, the highest point of the test is situated opposite the middle of

the posterior ambulacra, the posterior declivity being sharply truncate behind and

sloping at a high angle to the margin, whilst the anterior is gradual and well rounded.

The transverse profile is almost semicircular, the posterior keel being slightly prominent.

The under surface is rather inflated ; the margins tumid, except posteriorly, where the

test is rather deeply impressed. It is well rounded in the neighbourhood of the

postero-lateral ambulacra.

The apical system is slightly excentric in front. There are four large generative

pores ; and a small madreporiform body is connected with the right anterior plate.

The posterior pair are much wider apart than the anterior pair ; and those of each

side are very close. This arrangement pushes the ocular plates of the antero-lateral

ambulacra to the outside of the generative plates. The anterior ocular plate, how-

ever, comes well between the front generative plates, and separates them completely,

whilst the madreporiform body, which is rather large, separates the posterior ocular

plates. The ocular foramina are very small.

The ambulacra are unequal, rather broad, and moderately sunken. The anterior

pair are much longer than the posterior, in the proportion of 2 : 3j and are also more

divergent. The odd anterior ambulacrum is feebly developed, wide, and not very

deeply sunken until near the margin. The pores are minute and round ; the first five

or six pairs are very small and are placed in close succession near to the apical system.

Further out the plates become broader and the pores wider apart and oblique, and

there is a raised partitipn which separates one pore from another. The antero-lateral

ambulacra are long, straight, ovate lanceolate, petaloid, broadest at the outer third, very

wide apart, and enclose an angle of about 126°. In length they occupy fully two thirds

of the distance between the apical disk and the margin, and are rather deeply sunken.

The poriferous zones are broad where fully developed, the pores being conjugate

and elongate, except near the apex, where they are circular ; about 27 pairs exist in

each poriferous zone, the outer pairs being close to the peripetalous fasciole, but not

touching it. The interporiferous area is very narrow, scarcely more than half the breadth

of a poriferous zone.

The postero-lateral ambulacra are narrower, and shorter by one third than the

anterior pair, and are much less divergent, the angle enclosed being 66°. They are
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lanceolate or elongately ovate, their distal ends being crossed by the fascicle. 18 or

19 pairs of pores exist in each zone ; and the interporiferous area is narrow. The inter-

ambulacra are slightly swollen and formed into ridges near the apex and on either side

of the anterior groove, the posterior interambulacrum being also elevated into a slight

keel.

The ornamentation of the test is slight and inconspicuous, the tubercles being very

small. A few rather larger ones are scattered on either side of the anterior groove,

and accumulate on the anterior slope of the test. Smaller tubercles are distributed

uniformly on the dorsal surface of the test, except near the ambulacra and apex, where

they are slightly larger and more crowded. Surrounding the posterior truncation the

tubercles become larger and scarcer inferiorly, and above on either side of the periproct

;

but below the aperture they are almost, if not quite, wanting.

Periproct oval, vertical, and placed high up on the truncated end of the test.

The peristome is small, placed far in front and near the margin, the anterior

groove being distinctly continued up to it. The lip is not prominent, the neighbour-

hood of the mouth is rather impressed, and the plastron is rather swollen—circumstances

which, together with the tumid character of the margin, relieve the flatness of the

under surface. The ornamentation of the plastron consists of a few large and many

small tubercles ; and the sides of the test beneath have larger tubercles than the rest of

the test. The tubercles below are crenulate and perforate, the slightly sunken scrobi-

cule being surrounded by a sparely filled circle of small miliary granules.

The peripetalous fascicle is very narrow, and forms an angle in the interspace

between the lateral ambulacra, reaching up halfway to the apex. The fascicle turns

round the anterior lateral petal, passes inwards parallel with it, forming the angle just

mentioned, and then crosses over to the posterior lateral petal, coming into contact with

its outer pores, and crossing directly over the keel of the posterior interambulacral area

to the opposite side. In front the fascicle crosses the anterior odd ambulacrum a little

below the line of the end of the antero-lateral petals ; but it is very small and indistinct

in this portion of its course. A lateral fascicle commences where the peripetalous

fascicle begins to pass inwards, a little behind the end of the antero-lateral petal, and

extends in a very thin and slightly raised line directed backwards and downwards

and passing under the periproct to the other side.

Memarks. Idnthia Sindensis is characterized by its general rotundity of margin,

its equal length and breadth, its greater breadth in front, its moderate height, and the

gentle declivity of the dorsal slope, its deep anterior groove (which is very decided at

the margin), and the anteriorly excentric position of the apical system, by the number

of close pores in the anterior ambulacrum and the comparative length of the postero- to

the antero-lateral ambulacra (as 2 to 3), by the narrowness of the interporiferous zone,

and by the very narrow and slightly bent fascicle (which is comparatively faintly angu-

lated, excepting its sharp dip far below the oval periproct).

This Echincid is, on the whole, rather more closely allied to Cretaceous than to

Nummulitic forms. The Sindian species differs irova. Periaster pyrenaicus, Cotteau (its

nearest ally), in the shape and proportions of the ambulacra, the greater lateral

rotundity of the marginal contour, the greater depth of the anterior groove, the form
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of the peripetalous fascicle, and the character of the ornamentation of the test. No

other form at present known appears to come suiRciently near to require a special com-

parison to be made.

Dimensions. Length of the test 1 inch ; breadth 1 inch ; height over ^ inch.

Locality. Below Jakhmari Peak, Laki range, west of Amri. Survey-number

G aso
137-

A large specimen of the same species (larger than the type) from the same locality,

but bearing the Survey-number G ff^.

Illustrations of the Species in Plate IV.

Fig. 1 . Abactinal aspect of the test : natural size.

2. Longitudinal profile of the same : natural size.

3. Transverse profile of the same, showing the posterior extremity : natural

size.

4. Outline of the transverse profile of the test : natural size.

6. Apical system : magnified.

6. Apical extremity of the odd anterior ambulacrum: more highly magnified.

7. Portion of the test, showing the passage of the peripetalous fasciole near

the extremity of a petal : magnified.

8. Portion of the test, showing the ornamentation near the lateral fasciole

:

magnified.

9. One of the large tubercles on the actinal surface : magnified.

10. Tubercles of the abactinal surface : magnified.

11. Profile view of the same : magnified.

V. ^Remarks on the Fawna of Echinoidea of the Beds beneath the Trap.

The examination of the Echinoidea of the strata below the Trap, which, very

probably, is post-Cretaceous in age, and is certainly older than the age of Nummulites,

does not indicate any definite horizon.

The facies of the collection is more Tertiary than Secondary. But this statement

must not be made use of in too definite a manner ; for in the Ranikot series of the

Nummulitic age above the Trap there are Cretaceous types, which give its fauna, in part,

an older appearance than that of the Cardita Beaumonti beds now under consideration.

There are no characteristic genera in the fauna ; and the new genus has species in

the Ranikot group also.

In fact, the Echinoidea, like the Corals*, do not define the age of this sub-Trap

horizon. The fauna is not Cretaceous in the European sense, nor are its genera and

species the same as those of the Cretaceous rocks of Southern India or of Bagh in the

Narbada area. On the other hand, the facies of the Echinanthus and Idnthia are rather

of a Lower-Eocene character ; but there does not appear to be any species common to

the Nummulitic series, even of Egypt, and the strata beneath the Trap in Sind.

* P. Martin Duncan, "Possil Corals of Sind," PaJseontologia Indica, ser. xiv. (1880).
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Fasciculus 2.—THE EANIKOT SERIES.

I. Introductory Memarks on the Ranikot Series.

The stratigraphical relations and the nature of the deposits included in the Eanikot

series of strata have been noticed in a former page*, and it is only necessary to remark

that the strata rest immediately on a trap which covers the Cardita-Beaumonti series.

The lovper part of the Eanikot series consists of soft sandstones, shales, clays with

gypsum and lignite, and pyritous shale. These freshwater strata are succeeded by

highly fossiliferous marine limestones, often brown in colour, interstratified with

sandstones, shales, clays, and ferruginous bands. Nummulites appear for the first

time in the succession in this series ; and there is a fine fossil Coral-fauna of 50 species.

The depth of the Eanikot series is 2000 feet ; and it is below the main Nummulitic

limestone, which belongs to the succeeding age or that of the Khirthar series.

Although the nature of the fossil Echinoidea already described from beneath the

trap which underlies the Eanikot series does not give any more satisfactory evidence

than the fossil Corals regarding the age of their containing strata, still an Eocene facies

predominates over a Cretaceous facies in the forms of the Cardita-Beaumonti beds.

It is evident that the Eanikot series is very low down in the Nummulitic series,

and, whilst it contains relics of a somewhat modified Cretaceous fauna, the Eocene facies

predominates.

The specimens forwarded by H. B. Medlicott, Esq., F.E.S., the Superintendent

* Page 4, fasciculus I.
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of the Geological Survey, from the Ranikot series of Sind were numerous and in good

condition. As was the case with the fossil Corals, we obtained little or no assistance

from the work of MM. d'Archiac and Haime 'Sur les Animaux Fossiles de I'lnde,'

although their types, fortunately at the Geological Society of London, were accessible.

The wretched state of preservation of these forms and the diagrammatic nature of their

illustrations have been a source of great perplexity to us. Wishing to give these

authors every credit, and to determine their species if possible, we have constantly

failed. The interesting memoir by M. de Loriol, entitled, ' Monographie des

Echinides contenus dans les couches Nummulitiques de I'Egypte,' and that of Dr. W.
Dames, of Berlin, 'Die Echiniden der vicentinischen und veronischen Tertiarabla-

gerungen,' have been most useful to ns indirectly as well as positively. It will be

found that the fauna of this Ranikot series is a veiy remarkable one, and that it is as

isolated as that described from Egypt by de Loriol.

II. List of the Fossil Echinoideafrom the Ranikot Series.

Order ECHINOIDEA ENDOCYCLICA.

Family CIDARID^.

Genus Cidakis, Klein, 1734.

Cidaris Verneuili, d'Archiac : p. 26.

sp. : p. 2o.

Subgenus PffYLLACAifTHrs, Brandt, 1835.

Phyllacanthus Eanikoti, Duncan Sf Sladen : p. 27.

Sindensis, Duncan Sf Sladen : p. 27.

sp. : p. 28.

Genus Poeocidabis, Desor, 1854.

Porocidaris, sp. ? (spine)

.

Family SALENIADJE.

Genus Salenia, Gray, 1835.

Salenia Blanfordi, Dutwan ^ Sladen : p. 29.

FamUy GLTPHOSTOMATA.

Subfamily Diadematidje.

Genus Ciphosoma, Agassiz, 1840.

Cyphosoma abuormale, Duncan 6f Sladen : p. 32.

sp. : p. 33.
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Genus Acantheohhtus, Duncan ^ Slaclen.

Acanthechinus nodulosus, Duncan Sf Sladen : p. 34.

Subfamily Temnopletteid^.

Oenus DiCTTOPLETJEtrs, Duncan Sf Sladen.

Dictyopleurus ziczac, Duncan S[ Sladen : p. 38.

Haimei, Duncan Sf Sladen : p. 39, and variety, p. 40.

d'Ajchiaci, Duncan Sf Sladen : p. 41.

Oenus Aeachniopleuetts, Duncan Sf Sladen.

Arachniopleurus retieulatus, Duncan S( Sladen ; p. 42.

Oenus PEOGONECHiifTJS, Duncan S[ Sladen.

ProgonecHnus Eocenicus, Duncan Sf Sladen : p. 43.

Subfamily Echinid.^.

Section PoLTPOEi.

Oenus EuEyPNErsTES, Duncan ^ Sladen.

Eurypneustes grandis, Duncan Sf Sladen : p. 46.

Oenus ^OLOPNEtrsTES, Duncan Sf Sladen.

^olopneustes de Lorioli, Duncan ^ Sladen : p. 48.

Order ECHINOIDEA EXOCYCLICA.

Suborder GA^ATHOSTOMATA.

Family GONOGLYPEID^.

Oenus CoNOCLYPETJS, Agassiz, 1840.

Conoclypeus Sindensis, Duncan Sf Sladen : p. 51.

?, sp. : p. 52.

declivis, Duncan Sf Sladen : p. 53.

Suborder ATELOSTOMATA.

Family CASSIDULIDJS.

Subfamily EcHiNOLAM:piif.a;.

Oenus Phtllocltpetjs, de Loriol, 1881.

Phylloclypeus, sp. : p. 54.

Oenus PiESioiAMPAS, Duncan Sf Sladen, 1882.

Plesiolampas placenta, Duncan Sf Sladen : p. 54.

praelonga, Duncan Sf Sladen : p. 56.

e2
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Plesiolampas ovalis, Duncan df Sladm : p. 58.

rostrata, Dimcan S; Bladen ; p. 61.

polygonalis, Duncan Si Sladen : p. 61.

Gmua EoiAMPAS, Duncan Sf Sladen,

Eolampas antecursor, Duncan ^ Sladen : p. 62.

Subfamily Eohinafthin^.

Genus EoHiNAiraHTTS, Breynius, 1832.

Echinanthus enormis, Duncan Sf Sladen : p. 64.

Genus Cassibtotts, Lamarch, 1801.

Cassidulus ellipticus, Duncan Sf Sladen : p. 65.

Genus Ehynohopxgtjs, D'Orbigny, 1855.

•Ehynchopygus Calderi, (CArchiac, sp. : p. 67.

, pygmseus, Duncan 6f Sladen : p. 68.

Genus Euehodia, d'Archiac Sf Haime, 1853.

Eurhodia Morrisii, d'Archiac ^ Saime : p. 70.

Genus Paealampas, Duncan 8f Sladen.

Paralampas pileus, Duncan S^ Sladen : p. 73.

minor, Duncan &; Sladen : p. 74.

Genus Neocatoptgus, Duncan 6r Sladen.

Neocatopygus rotundas, Duncan S[ Sladen : p. 76.

Family SPATANGID^.

Subfamily SPATANaiNJ..

Genus Hemiastee, Desor, 1847.

Hemiaster elongatus, Duncan 6( Sladen : p. 78.

sp. (? H. digonus, d'Archiac) : p. 81.

Genus Ldtthia, Merian, 1853.

LintMa indica, Duncan Sf Sladen : p. 82.

sp. : p. 85.

Genus Schizastee, Agassis, 1836.

Schizaster alveolabus, Duncan Sf Sladen : p. 87.

Genus Peenastee, Desor, 1853.

Prenaster oviformis, Duncan Sf Sladen : p. 90.

Genus Metaiia, Gray.

Metalia Sowerbyi, d'Archiac, sp. : p. 93.

* Probably this species comes from a higher horizon.
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III. Description of the Fossil Echinoideafrom the Ranikot Series of Nummiditic

Strata in Western Sind.

Order ECHINOIDEA ENDOCYCLICA.

Family CIDABIJDjE.

Genus CIDARIS, Klein, 1734.

The diagnosis of this genus need not be repeated in this work ; but it is necessary

to remark that the tubercles are usually perforate, but that they may or may not be

crenulated. The pores are non-conjugate.

There are small portions of a Cidaris in the Eanikot group of strata, but they are

not in a good state of preservation. On endeavouring to compare them with the types

of the genus which were described and figured by MM. d'Archiac and Jules Haime*,

we were surprised to find those carefully delineated fossils absolutely deficient in

details of structure by which the species could be identified. The specimen of Cidaris

Halaensis, d'Archiac & Haime, can be distinguished generically ; but clearly the pores

are non-conjugate, the tubercles are large, and the scrobicules are continuous above

and below. No ornamentation or other details exist. Cidaris Verneuili, d'Archiac &
Haime, has also a very bad typical specimen. The ambulacra are slightly wavy, the

interporiferous zones are broad and have vertical series of broad roof-shaped elevations,

two in each zone, and the pores are non-conjugate. In the interradia the scrobicules

occupy the lower part of their plates, the median area is large, and the ornamentation

is much obscured by the effects of sand-scrubbing. There are, however, more or less

radiating series of separate small miliaries with furrows between them. It is with

some hesitation that we place some plates in association with this species. The first

specimens to be noticed do not belong to the species.

1. CiDAEis, sp. Plate V, Figs. 1-3.

In the indiff'erently preserved specimens the perforation and faint crenulation of

the interradial tubercles can be distinguished. The interporiferous zone is moderately

wide ; and the roof-shaped plates have, in a well-preserved part of the fossil, two

miliaries or very small tubercles on them. The pores are non-conjugate. The badly

preserved ornamentation of the plates beyond the scrobicular circle is small and has

no tendency to be in ridges or series, or to have furrows or lines in the midst. In some

places the minute tubercles are elongate and either irregularly placed or alternate.

The ornamentation of the circle itself is much worn, and was larger than that

beyond, being composed of small rounded tubercles.

The scrobicules are separate above and below, and a single row of small tubercles

is between them and the well-marked suture. The areolae occupy the greater part of the

plates ; they are sunken near their periphery, bul the bosses soon project as bold cones,

* Animaux foss. de I'lnde.
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the mamelon being small and perforate. The crenulation is distinct in the groove at

the base of the mamelon, but it does not pass over the sides of the boss. There are

from 8 to 10 pairs of tentaculiferous pores in relation to a large interradial plate.

Locality. Kanikot group, north by east of Petiani, west of Kotri. Survey-

number G yff

.

Illustrations of the Specimens in Plate V.

Fig. 1. An interradial plate : magnified.

2. A section of a plate : magnified.

3. A portion of an ambulacrum : magnified.

2. CiDARis Veexeuili, dJArcJiiac. Plate V, Figs. 6-8.

Cidaris Verneuili, cVArchiac, 1850, Hist, des jarogres de la Geol. t. iii. p. 246.

, d'Archiae Sf Haime, 1853, Descrip. Anim. foss. de I'Inde, p. 195, pi. xiii. figs, la & 16.

Some large plates probably belong to this perforate non-crenulate form.

In the largest plate (Fig. 7) the scrobicular area occupies the larger part of the

plate, and is separated from the sutural lines above and below, by the secondary

tubercles of the circle and a few smaller ones beyond. These secondary tubercles are

small, rather wide apart, and have bosses and mamelons. Beyond there is a circle of

much smaller tubercles, which are also rather wide apart, and beyond there are

irregular rows of large miliaries extending to the edges of the plates with suture-like

lines between them. The whole of this ornamentation is on a convex surface which is

slightly higher than the scrobicular area. The boss slopes gradually upwards and has

a Avide top, and a circular furrow is around the base of the mamelon. This has a

constricted neck, a depressed convex top, and is largely perforate.

The width of the largest plate is f inch ; height -^g inch.

Locality. Kanikot series, north-east of Petiani, west of Kotri. Survey-number
n 2.8^0^ 135-

Illustrations of the Species in Plate V.

Figs. 6 & 7. Plates of Cidaris Verneuili : natural size and magnified.

8. A section of a plate (Fig. 7).

Subgenus PHYLLACANTHUS, Brandt, 1835.

Alexander Agassiz has pointed out that this subgenus has precedence of

Ehahdocidaris of Desor. The group belongs to the genus Cidaris, and the subgeneric

characters are broad interporiferous zones, pores conjugate, tubercles crenulate and

perforate.
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1. Phyllacanthus Eanikoti, sp. nov. Plate V, Figs. 9, 10.

There are fragments of three species of the subgenus Phyllacanthus in the

Ranikot series. The specimens of one species belong to an old and younger forms, and

in no case are they complete enough for a fair specific diagnosis.

What can be well observed is as follows :

—

The ambulacra are slightly wavy, decidedly broad, and the poriferous zones are

sunken ; the interporiferous zone is at nearly the same level as the interradial plates.

The pores are conjugate, and each interporiferous plate has three small tubercles on

it : one, the largest of the three, is a small, broad-based one, with a mamelon, and

it is situated close to the plate bearing the pores ; the others are minute and separate.

The ambulacral plates are numerous, and there are sixteen in contact with a large

interradial plate.

The interradial plates, well separated by sutural markings, are faintly convex, and

have a large areola which occupies their larger part. The scrobicule is circular in out-

line, very slightly sunken at its margin, and the boss projects as a broad cone termina-

ting in a wide apex, on which is placed a small mamelon. Crenulation occurs on the

grooved apex around the base of the mamelon, which is perforate.

A circle of distinct, small, broad-based tubercles, sixteen to twenty in number, is

around the scrobicule ; they are decidedly larger than those of rest of the ornamentation,

which consists of two kinds of small tubercles. One, rounder than the other but more

or less elongate, fits in more or less between the larger tubercles just mentioned ; and

the other kind consists of small elongate granulations, which radiate from the scrobicular

circle of larger tubercles to the sutural marking. The larger scrobicules are rather

close together above and below, and they are separated by the suture and a few

minute tubercles, besides the rows of larger ones. But the smaller plates carry a few

large and small ornamental tubercles near the suture, on the other side of which some

little amount of space is occupied by the elongate ornamentation beyond the scrobicule.

The median interradial region is slightly sunken, and the oruamention is only moderate

in extent. The test appears to have been rather a high one.

The scrobicular circle of separate, small, tubercles is a striking feature in this

species, as is also the fact of there being six vertical rows of minute tubercles in the

interporiferous zone, which, of course, is broad. The great number of pores in relation

to a large plate is very remarkable.

Locality. Eanikot series, in the higher part of the gypseous marls from hills east

of Lynyan. Survey-number G -fl^r* •

Illustrations of the Species in Plate V.

Fig. 9. Phyllacanthus Eanikoti, sp. nov. The plates : natural size.

10. An interradial plate, with a portion of an ambulacrum : magnified.

2. Phyllacanthus Sindensis, sp. nov. Plate V, Figs. 11, 12.

There is a fragment of a Cidarid in the collection, consisting of four interradial

plates and part of an ambulacrum, which appears to belong to the subgenus Phylla-
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canthus, and to diflfer from the last mentioned. The ambulacra are broad, and there

are two small railiaries, in vertical series, in the interporiferous zone of one side, and

also a very minute third series. The number of pairs of tentaculiferous pores, in rela-

tion to an interradial plate, is probably about 10 or 12. The bosses of the interradial

plates are vs'ell-developed, surmounted by a small mamelon, with a constricted neck,

and rather depressed top, which is perforate. Crenulation is on the groove around the

base of the mamelon. There is a row of small tubercles, about 16 in number, around

the scrobicular circle, which is barely sunken, and beyond there are numerous smaller

rounded tubercles, gradually diminishing to the size of miliaries close to the sutural

edges. The scrobicules are separated from the upper and lower sutural edges by the

single row of larger tubercles.

The locality of this species is in the Eanikot series, north by east of Petiani.

Survey-number G yfy.

Illustrations of the Species in Plate V.

Fig. 11. Phyllacanthus Sindensis, a portion of the test : natural size.

12. A plate : magnified.

Were there any pits within the scrobicular circles of these specimens, their alliance

with the genus Porocidaris would of course be certain ; but there are none.

3. Phyllacanthus, sp. Plate V, Figs. 4, 5.

A very much worn specimen from the Eanikot series shows very indistinct remains

of furrows close to the scrobicular circle, and converging towards the base of the boss.

The ambulacra are moderately broad, the pores are conjugate, and the boss is crenulate

at its groove around the small perforate mamelon. The scrobicule is moderately

sunken, and is surrounded by a row of small secondaries, and beyond it are many irre-

gularly placed and smaller rounded miliaries. It is impossible to determine the

species, and, indeed, there may be some doubt about the genus, for so many of the

Eanikot fossils are slightly sand-scrubbed, and it is amongst the number.

Locality. Eanikot series, north by east of Petiani. Survey-number G yff

.

Illustrations of the Species in Plate V.

Fig. 4. Phyllacanthus, sp., a part of the test : natural size.

5. A plate: magnified.

Family SALENIAB^, Desor.

Genus SALENIA, Agassiz.

Small swollen Urchins with a small peristome, barely marked with cuts. The
ambulacra are flexuous, and composed of narrow, simple poriferous plates, ornamented

only with small, closely placed granules. The interambulacral tubercles are very large,

crenulate and imperforate. The apical disk is compact and has an undulating
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contour ; it is ornamented on its surface ; and the sutures are usually punctured with

isolated pits. There is a single suranal plate, placed in such a manner that a line

drawn through its centre and the middle of the peiriproct ireaches the other side of

the anal ring and traverses an ocular and not a genital plate.

The species are Cretaceous, Eocene, Miocene, and Recent.

1. Salenia Blanfoedi, sp. nov. Plate VI, Figs. 1-8.

The test is large, depressed, broader than high, flat at the abactinal surface, and

narrower and slightly incurved at the actiual part, and convex at the ambitus.

The apical system is small, does not reach nearly to the edge, where the test

becomes suddenly convex ; it projects very slightly at the suranal plate, and is pen-

tagonal or obscurely circular in outline. The anal opening is large, and is surrounded

by a raised ring, which is highest where it is formed by the edge of the suranal

plate, and lowest where the first ocular plate enters into its composition. The shape

of the opening is an irregular oval. The madreporic genital plate (plate no. 2), irre-

gularly triangular in shape, is smallest externally and broadest internally ; it is of

about the same dimensions as the third and fourth generative plates, being very

slightly the larger. Its margins, like those of the other apical plates, are deeply and

sparsely indented, and its generative pore is in the outer third ; the small madreporic

pit is raised and nearly central, and there is some minute pitting also. The plate

does not reach the anal orifice, and is in contact with the generative plate on either

side and with the suranal plate. The left anterior generative plate (the third)

resembles the madreporic in its contour ; it is flatter, and the pore is large. It

touches the generative plates on either side, and joins the suranal by a dentate

suture like the madreporic. The next plate in succession (the fourth) is of the same

shape as those just noticed ; and it is in contact with the suranal plate, but it does

not enter the anal ring. The posterior generative plate (the fifth) is broad within,

where it forms part of the anal ring, and small and pointed externally ; it is shorter

and broader than the others, and is unsymmetrical. Its pore is large and at the base of

the ring. This plate is in contact with the plate just described (the fourth) and with

the ocular plate which enters the anal system, and with the posterior edge of the

suranal plate. The first generative plate resembles the fifth, and forms part of the

anal ring ; it is in contact with the suranal plate, and with the ocular plate (no. 1),

and it is also in contact with the madreporic plate and the ocular plate (no. 2).

The ocular plates are wide and short from within outwards ; they are curved

within, and straighter without, with a projection pointing to the median line of the

ambulacrum. They are subequal ; but the first plate, the right posterior, is curved

externally and broad within, and it enters into the composition of the anal ring, being

united to a generative plate on either flank. The suranal plate is small, and may be

slightly or decidedly smaller than the madreporic plate ; it is indented at the orifice,

where its margin forms a moderately developed ridge projecting obliquely ; and it is

in broad contact by processes with the madreporic, the left antero-lateral, and the

left posterior lateral plates (that is, with plates 2, 3, and 4), and it touches by its

F
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extremities the other generative plates which enter into the composition of the anal

orifice.

The suranal plate is thus in contact with all the generative plates. One ocular

plate, the right posterior lateral, enters into the composition of the anal ring, and

so do the two generative plates, that is to say the first and fifth.

The ambulacra are narrow, slightly wavy in their course; the poriferous zones

reach from the level of the test obliquely to the interporiferous zones, which are

decidedly above the level of the interradia. The poriferous zones are narrow, and

their plates are numerous and about 40 in vertical series. The pores are round and

well open ; and one is a perforation in an ambulacral plate, and the other of the pair,

placed more or less obliquely and nearer the interporiferous zone, is formed by an

excavation on the edges of two consecutive plates. Each of these last kind of pores is

in the line of suture of the consecutive ambulacral plates, and each is separated from the

other above it by a ridge continued from the base of the tubercle on the edge of the

interporiferous area. The interporiferous zone has on either side a vertical series of

small secondary tubercles with minute mamelons and non-crenulate bosses ; and each

tubercle corresponds to a broad part of an ambulacral plate. In the median space

there are two parallel, vertical rows of large miliaries, of about the same number as

the secondaries, and also a few microscopic granules.

The interambulacra are wide, and occupy much space at the peristome and around

the apical disk.

There are four very large, projecting primaries ; and in some areas there is a fifth,

but slightly smaller, primary tubercle. The larger tubercles have a large boss with a

circular shoulder to it, and a broad top which is crenulate. The mamelon is small,

and has a decided neck and a rather flatly rounded top.

The scrobicular circle is distinct and is composed of a few small tubercles, with

still smaller ones intercalated here and there. The circle is complete between the

tubercles, but not between the tubercles and the poriferous zone. An irregular row of

miliaries is beyond the circle on each plate. The space occupied by the small plate in

each area, near the apex, is covered with a crowd of large miliaries ; and these pass into

the median line, but they soon become sparsely distributed there in two rows with an

occasional intercalation. Near the peristome, where the small primaries are found, the

miliaries increase in number.

The peristome is rather larger than the apical system, is somewhat deeply placed,

is obscurely pentagonal or nearly circular in outline, and the cuts for the branchiae are

very small. The plates are numbered in this description according to Loven.

Height of largest test -^^ inch ; breadth -^ inch.

Locality. Eanikot series, north by east of Petiani, west of Kotri. Survey-num-

uei 'J 135.

There is a small much worn specimen of a young Salenia in the collection from the

same locality whence the other forms came. It has large primaries ; and the ambulacral

plates are singularly distinct and free from ornament.
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Illustrations of the Species in Plate VI.

Fig. 1. Salenia Blanfordi, Duncan & Sladen. The test: natural size.

2. The apical system and upper surface : magnified.

3. A larger specimen, showing the actinal surface : slightly magnified.

4. The abactinal surface ; magnified.

5. A specimen: natural size.

6. A portion of an ambulacrum : magnified.

7. Three plates of the interradium : magnified.

8. A young specimen : magnified.

This species of Salenia was especially noticed by Mr. W. T, Blanford, F.E.S.,

during the Survey of Sind, and he was good enough to examine it and to send a

description of it to us. He noticed the remarkable smallness of the apical disk,

and that one of the ocular plates enters the anal ring. These are the two distinctive

characters of the form, which distinguish it from the European Nummulitic Salenia

Pellati, Cotteau, and Salenia tertiaria, Tate, of the Miocene of Australia.

Family QLYPEOSTOMATA.

Subfamily DIADEMATID^.

Genus CYPHOSOMA, Agassiz, 1840.

Test moderate in size, circular or subpentagonal, slightly inflated at the sides.

General facies of test shows a regular and uniform development of its parts.

Poriferous zones well developed and undulated.

Pores simple, usually unigeminal throughout, sometimes bigeminal on the upper

surface, and slightly crowded together around the peristome. The poriferous plates are'

unequal and irregularly arranged.

Primary tubercles nearly equal in both areas. Areolae well developed and some-

times marked with radiated striations. Bosses prominent, summits sharply crenulated.

Mamelon large, prominent, and imperforate.

Peristome moderate in size and with small cuts.

There are five specimens of a regular Echinid which come from the Eanikot series

of Sind, and they are in a good condition. Four of the specimens belong to one species

;

but there is some doubt about the similarity of the fifth to them, notwithstanding the

allowances that may be made for its being the youngest and smallest of the forms.

The species belong to the genus Cyphosoma, Agass. ; but they are somewhat

abnormal, on account of the want of correspondence in size between the ambulacral

and interradial primary tubercles, the last-mentioned being decidedly the larger. The

other structural characters clearly bring the forms within the generic idea ; and there-

fore they are placed in it, especially as some variation between the dimensions of the

tubercles of both areas has been noticed in some species in Europe.

f2
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1. Cyphosoma abnoemale, Duncan 8f Sladen, sp. nov. Plate VII, Figs. 1-7.

The test is depressed, circular in marginal outline, very bulging at the sides, nearly

flat at the abactinal surface, and slightly concave actinally, notwithstanding some

convexity of the areas around the rather small sunken peristome.

The apical system is small ; details not preserved.

The ambulacra are comparatively narrow, and enlarge moderately only, at the

ambitus ; they are not quite one half of the breadth of the interradial areas at the

most convex part of the test, and the broad poriferous zones are on a slightly lower

level than the interporiferous areas.

The pores are very small and numerous, bigeminal, and more or less in arcs from

the ambitus to the apical system, and in slightly arched simple series near the peristome.

At the ambitus the ambulacral tubercles are larger than elsewhere, and they

diminish in size more suddenly towards the peristome than towards the apex, and they

are less numerous in the former direction. The larger tubercles have a broad circular

base ; the boss slopes gradually upwards to a well-developed neck, which is surmounted

by a small mamelon, rather flattened at the summit and imperforate. The crenulation

is distinct. A scrobicular circle of a few large and small miliaries is around each

tubercle ; and near the poriferous zone the larger of these miliaries are in relation to

a poriferous plate, a line of depression intervening between the successive miliaries.

A small secondary tubercle is seen, here and there, at the ambitus, and usually they

are placed, solitarily, between the vertical series of larger tubercles. Near the apex the

tubercles are small, and the circle of smaller tubercles is ill-defined ; but there are a

few tubercles of intermediate size in vertical series. Still nearer the ambitus the

tubercles are larger, and begin to assume the character of those at the ambitus. Near

the peristome there is a short close vertical series of small tubercles of intermediate

size, followed by wider-apart ones, which gradually become typical tubercles. In the

close series the scrobicular circle of miliaries is not seen ; but it commences directly

there is any appreciable distance between the tubercles.

The interradial areas are wide, even at the apex ; and their tubercles are small

away from, and large and projecting at the ambitus ; they are larger than those of

the ambulacra. A large tubercle at the ambitus, has a broad base, a slanting conical

boss, which is broadly crenulate, with a large and narrow neck and a small, rather

flat mamelon. The scrobicular circle, of a single row of large miliaries, is incomplete

between the vertical series of tubercles, but nearer the apical system it is nearly com-

plete. There, the tubercles are wider apart, and the miliary circle is sparsely furnished.

At the actinal surface the tubercles are larger than at the apex, and the scrobicules of

the vertical series are not separated.

The median area of the interradials is wide and very sparely ornamented with large

and small miliaries near the apex, a very few small tubercles with crenulated bosses

being placed in alternate vertical series near the median line of suture. They are

largest at the ambitus.

Between this series and the scrobicular circles are large miliaries, many with a
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sharp point ; they form rather indefinite scrobicular circles around the small tubercles;

and others are dotted about here and there, sparingly. Hence the ornamentation is

distinct, sparing, and unequal in the median area, and it passes in arcs on one side of

the great tubercles.

Between the scrobicular circles of the interradials and the poriferous zones, the

ornamentation consists of a vertical series of small tubercles, unequal in size, and of a

few large miliaries. This ornamentation diminishes near the apical system, and a few

miliaries are seen near the poriferous zones. A similar diminution occurs near the

peristome in the ornamentation of this particular region. There are traces of an

indefinite ribbing down the flanks of some of the bosses of the interradial area, near the

poriferous zones.

Dimensions. Breadth of the specimen 1-^^ inch ; height rather more than -^ inch.

Locality. North by east of Petiani, west of Kotri. Eanikot series. Survey-

number G ?-|f

.

A second specimen is smaller than the type and evidently younger. The height

is \ inch, and the breadth I-^q inch. The ornamentation is less elaborate than that of

the type ; but the large miliaries of the plates near the apical system, in the interradia,

are better defined in their circular arrangement. The specimen came from the same

deposit as that just described.

A small form clearly belongs to this species ; and the principal distinction is one

of age, and relates to the ornamentation, which is more scanty.

Further, a small form has to be noticed ; and its value is in the preservation of the

peristomial margins. The peristome is small, and the cuts are very small. The pori-

ferous zone is simple, and the more or less arched series of pores is unigeminal, except

in one or two spots near the apex in some zones. It is from the same locality ; and the

dimensions are, breadth -j-q inch and the height ^ inch.

Illustrations of the Species in Plate VII.

Fig. 1. Cyphosoma abnormale, Duncan & Sladen. The side view of a large

specimen : natural size.

2. The abactinal surface : slightly magnified.

3. A small specimen : magnified 2 diameters.

4. An ambulacrum of the large specimen : magnified.

5. The interradial tubercles, near the ambitus, of the smaller specimen

:

magnified.

6. The poriferous zone and the adjoining ambulacral and interradial plates,

near the peristome, of the larger specimen : magnified.

7. An interradial plate of the large specimen : magnified.

2. Cyphosoma, sp. Plate VII, Figs. 8, 9.

A small specimen of a rather worn Cyphosoma is in the Eanikot series collection,

and is from the same locality as the other forms. Its tubercles are small, and there

is not much distinction in size between those of the different areas. The pores are in
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arcs and in simple series, and the ornamentation is very simple. Possibly it may be a

young specimen of the species just described.

The breadth is -j^ inch, and the height is not quite -^g inch.

Illustrations of the Species in Plate VII.

Fig. 8. The test : natural size.

9. A poriferous zone and adjoining areas: magnified.

There are two fragments of a test of a Cyphosoma from the locality which yielded

the more perfect specimens. One is part of a large form of the species just described ;

and the other belonged to a large test of another species. This test is characterized by

the elaborate ornamentation which exists between the vertically placed tubercles, whose

scrobicular circles are distinct. The intervening space is ornamented with small

tubercles, with mamelons and indefinite scrobicular circles of miliaries, and with some

large and small miliaries, which are irregularly placed.

Genus ACANTHECHINUS, gen. nov.

A large fragment of a regular Echinid allied to the Diadematidse, without apical

and aetinal portions, and showing one half of the rest of the test, is in the collection

from the Eanikot series. The details of the structures of the test are unlike those

of any known genus. The description of the specimen can only relate to the general

shape and the details of the ambulacral and interradial areas.

We propose to include this form as a new genus ; for although it has some of

the characters of Stirechinus, Desor*, there are generic distinctions to be observed

between them.

Test turban-shaped. Ambulacra convex from side to side, one half the breadth

of the interradial areas, with two incomplete vertical rows of primaries. Pores in

numerous pairs, forming a double series near the apex only. Interradials with sunken

median areas, plates distinctly sutured and high. Primary tubercles of both areas well

developed, some on raised areolae, all with a broad-based tumid boss and a small mamelon

;

they are imperforate, but largely creuulate, with ridges passing down their flanks.

Secondaries or large miliaries sharply pointed and spiny.

The species may be called Acanthechinus nodulosus.

1. Acanthechinus nodulosus. Plate VIII, Figs. 1-3.

The original shape of the test was probably turban-shaped, or depressed and

circular, or subpentagonal in marginal contour. It was flat actinally, bulged at the

ambitus and for a short distance above, and it sloped gradually upwards to the apex,

being less convex there.

Compared with the interradials, the ambulacral areas are small, but nearly as

prominent. At the ambitus the width of the ambulacrum is not more than that of one

* Desor, 'Synopsis des Echinides Fossiles,' p. 131. Stirechinus SeillcB, Desor, =^cAi?itts Scillce, Desm.,

from the Pliocene of Palermo and Monte Mario.
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half of the interradial area. The ambulacra are narrow, and are convex from side to

side. There are a few primaries in the interporiferous zone. They are small at the

apical end, enlarge gradually towards the ambitus, and cover much of their plates there.

They are in two alternate vertical rows, and have broad bases, tumid bosses, and small

mamelons. The bosses are crenulate, and also ridged down their flanks; they are

upon slightly raised areolae, which are marked with linear depressions and intermediate

ridges in connexion with the poriferous plates. The sutures between the plates of the

interporiferous zones are distinct ; and between them and the base of the mamilliform

processes are a few large miliaries in an incomplete circle, and they are sharply pointed

or nodulose, and are usually oblique in their direction. The crenulation takes on the

form of nodules more or less sharp, and ridges with intermediate furrows, and there

may be pointed granules on the bosses. The small mamelon has a constricted neck

and is imperforate.

Every plate of the interporiferous zone has not a primary tubercle on it, and there

are small wedge-shaped plates between the tubercle-bearing ones in vertical series.

Hence the tubercles are rather wide apart, one above the other. The intermediate

plates are furrowed at their edge in the direction of the poriferous plates, and they have

a few oblique and sharp-pointed miliaries on them. They have well-marked sutures,

and are comparatively smaller at the ambitus than near the apex.

The poriferous zones are narrowest actinally, and slightly largest near the apex

;

they are placed obliquely on the test, on the lateral slopes of the ambulacra. The

number of plates is considerable, and there are from 10 to 17 in contact with the

larger interradial plates. The pores are crowded vertically, but only form a double

series near the apex, although there is much close alternation or serial succession

elsewhere. Near the actinostome they are in single vertical series. They are conjugate,

small, slightly elliptical or round ; and each plate has raised margins above and below,

which form between them hood-shaped openings and tubular furrows. These margins

become broken ridges in some places, and may have a miliary tubercle upon them. The
number of pairs diff'ers in relation to the primary ambulacral plates, and there are often

five or eight pairs.

The interradial areas are large, have their sutures very visible, the median space

sunken, and the projecting centre of each plate occupied by a very projecting large

primary, which is flanked by a surface on which are placed a few spiniferous large

miliaries, and some small miliaries here and there.

The bosses are placed on raised scrobicules, surrounded by a more or less complete

circular furrow ; they are tumid cones, with a broad apex and wide base, are furrowed

and ridged on the flanks, and crenulate and nodular above. The mamelon is small, has

a tall constricted neck, and is therefore high ; it is imperforate. There are eight plates

from the ambitus to the apex, in each half of the area ; and they are very broad near the

margin, and diminish in breadth, and increase slightly in height, towards the apical

system.

The length of the test is ys ^^^^ J the greatest width of the ambulacra -3^, and of

the interradial areas -^o inch.
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Locality. In the Eanikot series, hills east of Lynyan,. from the brown limestone.

Survey-number G ^-|^.

Illustrations of the Species in Plate VIII.

Fig. 1. Acanfhechinus nodulosus, Duncan & Sladen. The remains of the test,

natural size.

2. Ambulacral and interradial plates at the ambitus : magnified.

3. A primary tubercle : magnified.

SubfamiJy TEMNOPLEUBID^.

This subfamily, on account of the late discovery of other fossil and recent forms

than it formerly comprehended, must be considerably enlarged. A critical examination

of the genera and species hitherto included in the subfamily, and a careful morpho-

logical study of one group of the genera, necessitate its division into two groups, which

probably may each form a subfamily. It is unfortunate that the genus Temnopleurus,

which is not represented by species in the Nummulitic series, and which is apparently

a recent development, should have given the name to the subfamily, many of the

genera of which are found fossil. The morphology of the test of the genera Temno-

pleurus, Salmacis, Amblypneustes, and PleurecJiinus * is peculiar, and the true pits at

the sutural angles undermine the test, whose plates are united by knob and socket

suturing. These morphological details are not found in Temnechinus and the forms

found fossil in the Nummulitic of Sind, although some of them have been classified as

species of Temnopleurus.

Nothing is more distinct than the structure of the outside of the test of the genus

Temnechinus, and the genera we associate with it, and that of the genus Temnopleurus

and the genera already noticed in relation to it. In the one the raised ornamentation

produces the appearance of depressions along the whole line of the sutures, especially

of the horizontal sutures ; and in the other there are, besides, deep pits at the sutural

angles and a special method of union of the plates. The structure of the apical system

is peculiar in some of the genera associated with Temnechinus, and difi"ers from that of

Temnechinus itself. The apical system of the Temnopleurids with true pits appears

to be tolerably uniform, and to be fashioned upon the plan of Temnechinus. Crenu-

lation and non-crenulation of the tubercles exist in both of the groups.

We have had the advantage of examining a very perfect specimen of a Qlypho-

cyphus from the Upper Greensand of England, and also of studying the plates of other

species drawn under the direction of Cotteau and Wright. Our form is clearly of the

subfamily Temnopleuridse ; but it does not belong to the group with true sutural pits,

but to that with Temnechinid sutural depressions.

The diagnosis of Glyphocyphus is given in d'Archiac and Haime's ' Animaux

* P. Martin Duncan, Journ. Linnean Soc. vol. xvi. p. 243, 1882, and ibid. p. 448.
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Fossiles de I'Inde.' It includes small urchins, more or less swollen, with straight and

simple poriferous zones. The peristome is small and sunken, and the apical disk narrow

and annular. The tubercles are small, usually not very distinct, and are crenulate and

perforate ; they arise from the midst of a close miliary granulation, which forms a kind of

star around each tubercle. The interambulacral plates have their sutural lines distinct and

even slightly grooved, so as to give the test a sculptured appearance. Desor is mistaken in

asserting that the tubercles are neither crenulate nor perforate. In the delineations of

Goldfussof the species nothing can be made out satisfactorily; but in Desor's pictures

of Glyphocyphus radiatus the whole of the ocular plates come into the oral ring, and

the primary tubercles have a vertical ridge uniting them. The tubercles are perforate

and crenulate in British specimens, and in Glyphocyphus conjunctus (the Arhacia

conjuncta of L. Agassiz) the whole of the tubercles are united by elongate granules,

but the aboral lines are not so distinct as in the type of the genus. In Glyphocyphus

Neocomiensis, Cotteau, the tubercles are both crenulate and perforate.

Glyphocyphus may be considered to be the type of the group of which Temnechinus

forms a part.

In the Ranikot series of Sind, which is at and above the base of the Nummulitic

strata, several remarkably ornamented Echini have been found by the Geological

Survey of India under Messrs. Blanford and Fedden.

Others had been discovered many years since and were sent to MM. d'Archiac

and Jules Haime for description in their great monograph ' Sur les Animaux Fossiles

de ITnde.' They were described in that work and figured, and were returned to the

Geological Society of London. The descriptions are long, and the drawings are

exquisitely definite ; bat the specimens themselves are not in a c6ndition to satisfy us

even about their generic position, from the light cast upon them by the beautiful speci-

mens belonging to forms from the same area and in our hands.

We are not satisfied that they have true pits at the sutural angles ; and it appears

to us that the various species are members of one of the groups typified by Glyphocyphus

of the subfamily with raised ornamented ridges and depressions over the sutures.

The drawings in ' Les Animaux Fossiles ' have misled Desor and A. Agassiz ; and

in the report on the ' Challenger ' Echini there is an exquisite drawing by this last-

mentioned author of a Pleurechinus, which he compares with Temnopleurus Valen-

ciennesi, D'Archiac & Haime. In Pleurechinus hothryoides of Japan the ornamenta-

tion is raised, and the sutures are distinctly penetrated by a deep depression at the angle

of the plates. It is a true Temnopleurid. But an examination of the type from Sind

drawn by Messrs. d'Archiac and Jules Haime proves that it was so weathered that

the imagination of the draughtsman was founded on miserably defective structural

details. The drawing in the plate of the great work is absolutely a restoration. No
deep pits are to be seen at the angles.

The specimens of Echini with raised ornamented ridges and without penetrations

at the angles of the sutures, and which were derived from the Ranikot series of Sind,

are numerous. Some are beautifully preserved, others are so in parts, and a few have

been so weathered and worn that they might almost be placed in different genera.

G
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The well-preserved specimens indicate clearly that they have a most elaborate raised

ridge-like ornamentation, and no sutural depressions and penetration ; and the badly-

preserved ones have the appearance of deeply-bevelled sutures, and as if the test had

been cut out, instead of added to, in thickness.

Genus DICTYOPLEUEUS, gen. nov.

The test is small, hemispherical above, slightly concave below, with a small

peristome and small cuts. The pairs of pores are in continuous straight series. The

tubercles of both areas are very small. Those of the ambulacra are in two vertical

series close to the pores, and each tubercle is united by a vertical raised ridge with

those above and below, and by a zigzag of raised ridges with those of the other

vertical series opposite. The tubercles of the interradial areas, in two vertical series,

are on vertical raised ridges or ribs. Each tubercle is continuous with two of the

opposite series by a raised ridge, and sends oflf two or three ridges to the poriferous zone.

The tubercles are faintly perforate and slightly crenulate, and there are indications of a

few secondaries around them. The perforation and crenulation is indistinct in the ambu-

lacral areas. Here and there the narrow raised ribs have small granules upon them.

The sutural lines of the plates are distinctly seen, and there are no depressions or

penetrations of them. The apical system, obliquely placed, is elongate; and one

ocular plate enters the anal ring.

1. DiCTTOPLEUEUS ziczAC, Duncau & Sladen. Plate IX, Figs. 1-3.

The test is small, hemispherical above the rather tumid ambitus, which is cir-

cular in outline, and slightly concave actinally, where there is a small sunken peri-

stome with slight cuts.

The apical system is large for the size of the test, is placed obliquely, and the

anus is elongate and elliptical in outline. The direction of the long axis is as in

an Echinometra. The ring of generative plates is narrow ; and one ocular, the right

posterior, enters into the composition of the anal ring. The madreporic body rises

like a small knob, and its plate is the largest ; none of these plates enter far into the

interradial areas. The ocular plates have triangular depressions on their sutures on

either side of a vertical line, and the pore is visible near the apex of the blunt angular

projection.

The ambulacra, about one half of the breadth of the interradials at the ambitus,

have two vertical series of small tubercles on narrow, raised, rounded ridges, placed

close to the poriferous zones. The tubercles are small, very faintly perforate and

crenulate, and they increase in size and number actinally. The interporiferous zone is

crossed by a zigzag of raised ridges, which unite the opposite and alternate tubercles

on the vertical ridges. Much of the surface of the plates is seen on either side of the

ridges, and the sutural lines are distinct ; these cross over the ridges in young specimens.

The pairs of pores are in single rows, and there are three pairs opposite each interradial
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plate ; they are rather large, and some perforate the ridge which passes from the ambu-

lacral raised ridge to that of the interradial area. The interambulacra are broad, and

have two vertical, narrow, raised ridges, on which are placed the twelve small primary

tubercles. The ridges are rounded, sometimes have a single granule here and there

;

and the tubercles are largest near the ambitus, being very faintly perforate and crenu-

late, and occasionally surrounded by a circle of small miliaries. The median inter-

ambulacral space is occupied by a zigzag of slightly curved, narrow, rounded ridges,

smaller than those of the vertical series, and extending from the tubercles of one series

to those of the other in oblique paths. These ridges sometimes carry a large granule

or two.

The coronal plates are very visible between the cross ridges, and the sutural lines

are very distinct. Like those of the ambulacra, the sutures do not mark the. ridges in

the larger specimens, but they cross them in the younger. Between the interradial

tubercles and the ambulacra there are groups of two or three ridges passing obliquely

off from each tubercle ; these pass between the poriferous plates, and are sometimes

perforated by the pores, and finally unite with the adjoining vertical ridge of the

ambulacrum.

Height of test -j^ inch, breadth ^ inch.

Locality. North by east of Petiani. Eanikot series. Survey-number G f|f

.

Illustrations of the Species in Plate IX.

Fig. 1. The test of Dictyopleums ziczac : natural size.

2. The apical system : magnified.

3. An ambulacrum and interradial area : magnified.

2. DiCTTOPLEUEUS Haimei, sp. nov. Plate IX, Figs. 4, 5.

The test is small, tumid at the ambitus, which is circular in outline, conical above,

rather flat actinally, and sunken at the small peristome. Apical disk wanting, but its

direction appears to have been oblique. The ambulacra are much narrower than the

interradial areas ; the poriferous zones are narrow, and consist of a continuous single

series of pairs of pores, which usually penetrate ridges connected with the interradial

tubercles. There are three pairs of pores to each interradial plate. Immediately within

the series of pores is an indistinct raised ridge ; it is vertical, thin, straight, and discon-

tinuous, here and there carrying very small tubercles ; these are largest near the actinal

surface, and have swollen bosses and small mamelous. Crossing the space, in the inter-

poriferous region, between these vertical ridges is a series of oblique narrow ridges,

sometimes linear, at others thicker, and ornamented with one or two rows of miliaries.

These pass from one tubercle to those of the opposite series above and below;

and there is distinct space between them in which the sutures can be seen. Here

and there the zigzag becomes disorderly.

The interambulacral areas have two vertical narrow ridges, one on each coronal

g2
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series ; they are more or less discontinuous where the small crenulate and perforate

primaries exist. These are in slightly sunken scrobicules. Actinally the scrobicules

are in contact with the vertical ridge, which usually has a row of miliaries on it. On
either side, and abactinally to the scrobicule, is a raised ornamentation (on the base of

which rests the scrobicule) extending on either side, and marked with two or three

horizontal rows of miliaries. Towards the ambulacrum this ornamentation divides into

three ridges, which are continuous with the poriferous plates, and towards the median

line into two ridges, which unite with those of the tubercles above and below of the

neighbouring column. The ridges are narrow and miliary, and the spaces between

them, and on the bottom of which the coronal plates and distinct sutures are seen, are

elongate transversely, being crossed vertically by the raised ridge between the small

primaries.

There are no penetrations of the test at the sutural angles. Actinally the spaces

between the ridges become deeper and smaller.

Height of the test -^ inch, breadth at the ambitus -t^ inch.

Locality. Hills east of Lynyan, from brown limestones. Eanikot series. Survey-

number G f|f, G fff-, G f|f

.

Illustrations of the Species in Plate IX.

Fig. 4. Bictyopleurus Haimei, Duncan and Sladen : natural size.

5. Part of an ambulacrum, and interradial area : magnified.

DiCTYOPLEUBUS Haimei, Buncan & Sladen, variety.

There are some small specimens of this species in the brown limestone whence

the type was derived ; and they seem almost to unite the species Bictyopleurus costatus

and Bictyopleurus d' Archiaci. They would be considered young forms o£ Temnopleurus,

Bictyopleurus Haimei, var.

and might be classified with one of the species of that genus described by MM.
rt'Archiac and Jules Haime; but they are not members of the genus Temnopleurus.

The main distinction of these specimens from the type of Bictyopleurus Haimei is

that the bands of transverse raised ornamentation on the interradium are not so split up
and are higher; the bands unite along the median line by short processes, or their angles
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join. The distinction from Dictyopleurus d'Archiaci is, that in the variety there is a

vertical line of raised tissue in the interradium on either side, connecting the vertical

row of tubercles together. The test is very thick ; and the transverse depressions over

the sutures are deep and much broader than high. There are no pits in the test at

the sutural angles.

3. DiCTTOPLEUEus d'Akchiaci, sp. nov. Plate X, Figs. 5-8.

The test is small, conico-turban-shaped, swollen at the ambitus, and sloping

gradually to the apex with a gentle curve. The actinal part is rather flat but slightly

convex, and the actinostome is sunken and small. The apical system is deficient.

The ambulacra are narrow, the poriferous zone slightly sunken ; and the pores are

in simple vertical series, and about three to each interradial plate ; they are on slight

ridges. The interporiferous zone has a ribbed ornamentation which crosses it, leaving

rather irregularly-shaped depressions on either side of the median line ; these are deep,

square, or irregularly oval and triangular spaces, and are largest above the ambitus.

There are also transverse linear depressions ; the number of plates is considerable, and the

ridges on them are of different lengths. A vertical row of small primaries is on either

side just within the poriferous zone ; and the tubercles are raised on the ridges, have a

tumid boss and a small mamelon ; they are faintly crenulated. A close ornamenta-

tion of large miliaries, some of which are very distinct, covers the ribs of the ornamenta-

tion. The interradial areas are marked with well-developed ornamented transverse

ridges leaving rectangular furrows between them, whose transverse continuity is

arrested by the primary tubercles. The ridges are broad and high ; moreover they

project well from the test; they are rectangular, have their actinal edges slightly wavy,

and are ornamented by three transverse rows of well-developed miliaries. Each one

is connected with the ambulacral poriferous plates by a narrow short ridge, and with

its fellow, on the opposite side of the median line, by a very short process from each

upper and actinal angle. There are two vertical rows of primary tubercles on the

interradial areas, and a primary is thus situated in the midst and towards the actinal

edge of the ornamented ridge. It is large for the dimensions of the plate, is sur-

rounded by a linear scrobicular circle, and has a tumid boss and a small mamelon.

Crenulation and perforation exist. The actinal edge of the tubercle impinges on the

plate below ; but no vertical ridge is observed in the perfect form.

Height of specimen \ inch, breadth -^g inch.

Locality. Hills east of Lynyan, from brown limestones. Ranikot series. Survey-

number G fff.

The specimen which has been taken as the type has been weathered, except close

to the supporting piece of rock, and the furrows over the lines of the sutures are very

distinctly shown. In the ambulacra, the larger plates which supported the primary

tubercles are projecting, and there is a vertical ridge between the raised ridges of the

interradial areas in relation to the primary tubercles.

Another specimen, which has been well weathered, shows these points more

distinctly, and is delineated on Plate X, Figs. 7 & 8.
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Illustrations of the Species in Plate X.

Fig. 5. Dictyopleurus d'Archiaci: natural size.

6. A portion : magnified.

7. A weathered specimen : natural size.

8. A portion : magnified.

Genus AEACHNIOPLEUEUS, gen. nov.

The test is circular in marginal outline, depressed, tumid at the ambitus, and rising

but slightly above it. Peristome deeply sunken and small, and cuts small. Apical

system large, deficient in details. Ambulacra narrow ; pores uniserial, in slight curves,

penetrating ridges which are continuous with tubercles on the scrobicular circles.

Tubercles small, in vertical series, perforated and crenulate, with very large scrobicules

raised above the test ; small secondaries in a single row on the raised scrobicular circle,

and radiating ridges connecting them with the boss. Small nodulose ridges or ribs

uniting the secondaries of each vertical series to those on the scrobicules of the adjoining

vertical series and also to the poriferous zone. Plates and sutures visible between the

ridges.

1. Abachniopleueus eeticulatus, sp. nov. Plate IX, Figs. 6-8.

The test is small, depressed, faintly conical abactinally, depressed actinally, with a

small deeply-sunken peristome with small cuts.

The ambulacra have two rows of small perforate and crenulate tubercles situated close

to the poriferous zone. They are largest at the ambitus, and very small near the apical

system. Inferiorly they are closer together than abactinally, and better developed.

A tubercle at the ambitus has a disk-shaped scrobicule elevated above the mean height

of the test ; and ridges rounded and narrow, but long and shallow, in the form of costse

radiate from the base of the boss. One passes abactinally ; and another actinally crosses

the scrobicule, and reaches its margin, where it may unite with a corresponding one

from the tubercles in vertical series ; or it may unite with some confused costse having

large miliaries on them. On either side of the boss three or four costse radiate laterally,

one set, the longest, joining the costse of the two tubercles of the neighbouring ambu-

lacral plates, and the other, the shortest, pass to the poriferous zone close by. Each
costa is perforated by a pair of pores. A few knobs or large miliaries are on the costsB

here and there ; and there are spaces between the costse, large and oblique in the median

area, and wide between each successive boss. The plain surface of the test is seen at

the bottom. Near the actinostome the tubercles and costse become rather crowded, and

the spaces between the costse simulate (but are not) pits in the test. The pores are in

one series, and occupy but little space.

The interradial areas are wide, and have two vertical series of small perforate and

crenulate tubercles rather widely apart. The tubercles are larger than those of the

ambulacra, are largest at the ambitus, and are most crowded towards the peristome,
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where they rapidly dimmish in size. The costse radiate from the base of the boss,

cross the scrobicule, and have a miliary tubercle on them at the circle-edge. Three

or four costse placed close together in a band, unite the tubercles of the same vertical

series, and two bands of two or three costse, each ornamented with a miliary, pass off

obliquely to unite with corresponding costse from the two opposite tubercles. Four

or five costse pass to the poriferous zone, having miliaries here and there, and they

join the perforated costse of the ambulacra.

Other costse occur in the intervals between all these and the bands, and thus a

zigzag series of narrow, shallow, and broad spaces is produced. The peristome is very

small, and the cuts also.

Height of the specimen -^g inch, breadth ^g inch.

Locality/. North by east of Petiani, west of Kotri, in the Ranikot series. Survey-

number G ff^.

Illustrations of the Species in Plate IX.

Fig. 6. Arachniopleurus reticulatus, Duncan and Sladen : natural size.

7. Part of an ambulacrum and interradium : magnified.

8. Some ridges near the apical disk: magnified.

Genus PEOGONECHINUS, gen. nov.

Test of small size, moderately high, subcorneal above, concave beneath, margins

tumid.

Poriferous zones straight, pores arranged in simple continuous series throughout.

Ambulacral plates with three pairs of pores directly superposed. Interporiferous areas

with two vertical series of primary tubercles placed marginal ; additional primaries

occurring on the plates near the ambitus ; the rest of the plate occupied with granules.

Interradial plates with groove-like slits at the inner extremity of the horizontal sutures.

Interradial areas with two continuous vertical series of primary tubercles, the plates

at the ambitus with two or more companion primaries in horizontal line, the vertical

series of these being not continuous. The primary tubercles of both areas are neither

crenulate nor perforate ; those of the interradia are slightly longer than the ambulacral

tubercles, and are sunken in deep scrobicules. Granulation coarse and unequal, with a

tendency to become confiuent around the tubercles. Some larger granules with

mamelons. Apical system unknown.

Peristome subcircular, with rather deeply incised slits, with margins thickened and

reverted.

1. Pkogonechinus EocenicdSj Duncan & Sladen. Plate X, Figs. 1-4.

The test is depressed, swollen at the ambitus, and sloping convexly to the apex.

The actinal margin is rather pentagonal, the median interradial and ambulacral vertical

lines are slightly depressed, and the spaces on either side are rather tumid. The extra
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tumidity of the ambulacra produces the peculiar marginal outline. Below, the test is

slightly concave.

Apical system wanting. The peristome is rather large, slightly pentagonal, and

the cuts are distinct.

The ambulacra, about one half of the breadth of the interradial areas, have three

pores in a slight depression arranged in simple vertical series, about four being in relation

to an interradial plate. There are three poriferous plates to each whole compound ambu-

lacra! plate, and the sutures are very distinct. The adoral poriferous plate is short and

band-like, extending the whole length of the ambulacral plate ; the median plate tapers

wedge-like inwardly, and is not more than two thirds of the breadth of the column ; and

the aboral poriferous plate is large, and might from its shape be compared to the

primitive plate of an echinid ambulacrum. The plates are placed rather obliquely, and

are more or less granular. Near the apex there is one small primary on each of the

larger plates ; near the ambitus there are two ; and close to the actinostome there is but

one, and it is larger there than elsewhere.

In the interradial areas the median depression is evident, and the broad and rather

low coronal plates show sutural grooving, and near the angle the appearance of a slit-

like pit.

At the ambitus the ornamentation consists of three small primaries or scrobicules

surrounded by miliary granulation, which partly forms circles around the areas, and a

confused intermediate ornamentation. Abactinally the number of primaries on each

plate diminishes until only one is seen ; and actinally they also diminish in number,

become larger until close to the peristome, and have distinct scrobicular circles.

Extending from these larger primaries on the actinal surface to some small primaries

near the pores are zigzag ridges.

The tubercles of the interradial plates have a flat boss and small mamelon, and

are imperforate and non-crenulated. The cuts have a raised elongate ridge around

them.

Height of the specimen -^ inch, breadth ^^ inch.

Locality. Uncertain ; but the colour and nature of the fossilization indicates the

dark-brown Eanikot limestone. Survey-number G flf

•

Illustrations of the Swedes in Plate X.

Fig. 1. Progonechinus Eocenicus, Duncan and Sladen : natural size.

2. Part of an ambulacrum and interradium near the ambitus : magnified.

3. Part of an interradial area near the actinostome : magnified.

4. Side view : natural size.

Remarks. This species is interesting as presenting a link between the Diadematidee
and Echinidse (Triplechinidse). The structure of the ambulacra is essentially that of
the former group, whilst the tuberculation and general facies is very suggestive of some
of the fossil forms of PsammecUnus. Although the specimen under notice accords
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closely with the generic formula of JEcMnodiadema ; it differs greatly both in the form

of the test and in the character of the tuberculation, and differs altogether in the

presence of the Salmacis-^^kB slits or grooves in the sutures of the interradial plates.

This assemblage of characters readily distinguishes our form, and at the same time

debars its admission to any known genus. It is to be hoped that further material will

be forthcoming to enable a more complete diagnosis to be drawn up.

Sulfamily EOHINIB^.

Section POLTPOEI.

A fragment of a large regular Echinid of the Polypore type, with a stout test, has

nine interradial plates from the apex downwards preserved ; a corresponding space of

an ambulacrum exists, as well as part of another interradium.

Genus EURYPNEUSTES, gen. nov.

Test of large size, probably subconoid or subdepressed, not tumid.

Ambulacral areas very broad, rather narrower than the interambulacral opposite

the tenth plate. Poriferous zones very wide, about one fifth of the breadth of the

interambulacral area. Pores arranged in three vertical series ; five or six poriferous

plates comprised in each whole compound ambulacral plate ; the pairs of pores borne

on each are disposed in the zone according to the following order: two or three

consecutive pairs of pores form a slightly oblique arc at the outer margin of the zone
;

the pair borne on the next more aboral poriferous plate stands in the middle of the

zone ; and the pairs borne on the succeeding two plates are placed in slightly oblique

sequence on the inner margin of the zone. The outer vertical series thus consists of

slightly oblique arcs of two or of three pairs ; the median series, which is somewhat

irregular, of single pairs, widely spaced in vertical sequence ; and the inner vertical

series of two pairs of pores, which stand to one another in oblique succession. A
straight and regular, vertical line of primary tubercles stands at the extreme margin of

the interporiferous area on either side ; one primaiy is on each plate, the intermediate

space being occupied by a number of very small widely spaced secondary tubercles

and miliary granules.

Interambulacral areas with two continuous vertical series of primary tubercles

similar to, and only slightly larger than, the ambulacral tubercles, placed nearer to the

poriferous zone than the middle of the plate ; near the ambitus a second and more

outward tubercle is present. The inner portion of the plate is occupied by very small

secondaries and miliaries.

In consequence of the wide and trilinearly arranged poriferous zones, this genus

presents a closer superficial resemblance to Hippono'e, Gray (Tri^pneusfes, Agassiz), than

to any other of the Polypori. In structural detail, however, it is widely separate, and

is readily distinguished from any of the known forms by the crenulate tubercles, the

number and arrangement of the pores and poriferous plates, and the character of the

ornamentation.

H
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1. EuKTPNEUSTES GKANDis, sp. nov. Plate VIII, Figs. 4, 5.

The ambulacrum is very wide, but near the ambitus it has not quite the breadth

of the interradium there. The poriferous zone is very wide, but it does not equal the

interporiferous area in breadth at a slight distance from the apex. The poriferous

zones are nearly on a level with the rest of the test, being very slightly depressed

;

they are narrow towards the apex, but they soon enlarge, and then remain at very

much the same breadth. The series of pores are not crowded except near the apex,

where there is a simple succession opposite the first interradial plate ; lower down

there is crowding, and some pores are out of the straight line. The third interradial

plate (and three below it) has in relation to it two distinct series of pores, an outer

and inner, and an indefinite middle series. There is thus a vertical series of pairs

of pores on either side of the poriferous zone, and a more incomplete one, with

intervals here and there, in the middle part of the zone. Eeally, at the ambitus, there

are two vertical series of triple pairs, one pair often being in the middle of the zone.

Near the ambitus there are usually six poriferous plates to each whole composite

ambulacral plate ; but on the upper portion of the area, and also here and there else-

where, one of the poriferous plates is wanting,'and the regular sequence of two sets of

triple pairs is destroyed. The pores are large and nearly circular in outline, and the

three and two pairs are close, in vertical succession ; but there is some space between

the series in all directions.

The ornamentation of the poriferous zone is scanty; there are a few small

tubercles, with slightly crenulated processes, and they are placed in twos or threes

obliquely between the succession of the central series of pores. Usually the tubercles

are of three sizes, the smallest being nearest the inner row of pores. Many sharply

pointed miliaries exist on the ridges between the pores, and are oblong or in linear

series.

The miliaries in linear series are very small, and follow the lines of the junction of

the poriferous plates.

The interporiferous zone is narrow towards the apex, and it soon widens, so that

at the level of the tenth interradial plate it is nearly twice the width of the poriferous

zone. The plates are double the number of those of the interradial area, and each one

carries, near the poriferous zone, a primary tubercle, imperforate and crenulated. These

tubercles are smaller than the primaries of the interradial area, and increase in size

from above downwards. They are in vertical series, and are well apart ; and the surface

of the test'between the tubercles is plain. The remainder of the plate has a few very

small and faintly crenulated secondary tubercles on it, and a few miliaries. The

number of these small tubercles increases towards the ambitus, and seven or eight are

noticed on the largest plates.

The interradial area has the plates slightly convex from side to side, and the

sutures very distinctly marked. One vertical row of large crenulated, imperforate

tubercles is on the ambulacral side of the plate, and a second and slightly smaller row

is commenced at the sixth plate from the apex. The tubercles have broad bosses arising
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from a very faintly marked scrobicule environed more or less distinctly by a few wide-

apart miliaries. The boss is tumid, and the crenulation passes down the flanks ; the

mamelon is small. The number of the large tubercles in vertical series, in relation to

that of the ambulacral series, is one half; and the interradial ones are at least one third

larger than the others. As the vertical series passes downwards it is placed nearer the

centre of the plate in order to permit the second series to come in. In the higher

plates, from the fifth towards the poriferous zone, there are a few small, crenulate,

imperforate tubercles ; they are represented by large miliaries nearer the apex, and by

larger tubercles lower down. Towards the median line of the interradial area no

large tubercles exist, but there are several crenulate and imperforate ones about the

size of the boss of the larger tubercles, and they are scattered without order.

Here and there are some small miliaries. Hence there is much median space,

without any large tuberculation, on the upper part of the test.

The breadth of the largest interradial plate is ^ inch, and the breadth of the

ambulacrum at the same level is |- inch.

Locality. North by east of Petiani, west of Kotri. Ranikot series. Survey-

number G m.
Illustrations of the Species in Plate VIII.

Fig. 4. The specimen of Eurypneustes grandis, Duncan and Sladen : natural size.

6. The tenth interradial plates and corresponding ambulacral plates: mag-
nified 3 times.

A large portion of the test of one of the regular Echini is in the collection from
the Ranikot series. The actinal surface of the test is partly preserved, but only a
small portion of the peristome is visible ; the ambitus is defective, and there are parts

of the ambulacra and interradial series above it in a bad state of preservation. The
apical system is absent. The general shape has been preserved.

The details of the test indicate that it belongs to a genus not hitherto noticed, and
they are described with the hope that, on some future occasion, more perfect specimens
may be found.

Genus ^EOLOPNEUSTES, gen. nov.

Test of large size, subcircular or subpentagonal in marginal contour, subdepressed
and subconical abactinally. Sides tumid.

Ambulacra broad, narrower than the interradial areas. Poriferous zone wide,
equal to or greater than half the breadth of the interporiferous area ; both zones
broadest just above the ambitus, and decrease gradually towards the peristome. The pores

on the abactinal portion of the zone are arranged in almost horizontal arcs of five or six

pairs, very regular and very closely placed ; below the ambitus on the actinal surface the
number of pairs of pores in each arc diminishes, the arc straightens, and the angle of
obliquity decreases, by gradual stages, until close to the peristome the pairs of pores
stand in almost straight and simple vertical series.

h2
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In the interporiferous areas on the actinal surface there is a straight vertical series

of primary tubercles, crenulate and imperforate, placed on each margin, and here and

there a companion tubercle of similar size placed on the inner part of the plate

;

ordinarily, however, this part of the plate is occupied only with a few small and widely

spread miliaries. It is impossible to state accurately the disposition of the tubercles

above the ambitus.

The plates of the interambulacral area are very broad and short ; in the actinal

portion there are two continuous vertical series of primary tubercles, placed rather

nearer to the poriferous zone than the middle of their respective plate. Near the

ambitus there may be one or even two similar tubercles on either side of the central

primary, standing in a horizontal line, the number of tubercles decreasing towards the

peristome.

The ornamentation of the abactinal portion of the area is undistinguishable ; but it

is probable that the inner half of the plate was occupied only by rather widely spaced

miliary granulation. The primary tubercles of both areas are small and uniform in

size.

Peristome small and more or less sunken, with narrow and deeply-indented

mouth-slits.

1. .^OLOPNEUSTES DE LoEiOLi, sp. nov. Plate VIII, Figs. 6-9.

The test is thin, pentagonal in marginal outline, tumid at the ambitus, and slopes

thence gradually to a narrow apex. The actinal surface is generally flat, but there is

a slight convexity about it, and the moderately sized peristome is decidedly sunken.

The breadth of the test is nearly double the height; the ambulacra are slightly

more prominent above the ambitus than the interradial areas, which have a strongly

marked median depression ; and the primary tubercles are small and equal throughout,

few in number, imperforate and crenulate.

The pores are in simple series near the peristome, but increase in number in relation

to the interradial plates, towards the ambitus, and on the upper part of the test, where

they are in several series of arcs in a broad zone.

The apical system is wanting in the specimen.

The ambulacra are broad, more than one half the width of the interradial areas just

above the ambitus, and then contract gradually towards the peristome. The poriferous

zones are wide, being, above the ambitus, equal to or even more than half the breadth of

the interporiferous area, narrowing greatly towards the peristome. The pores on the

abactinal portion of the zone are arranged in almost horizontal arcs of five or six pairs,

very regular and very closely placed. Just below the ambitus on the actinal surface the

number of pores in each arc is six, and the angle of obliquity about 45° ; rather nearer the

peristome the number is reduced to five ; and about midway between the ambitus and
the peristome there are only four, and these are arranged in slightly oblique lines

instead of arcs ; the number is then reduced to three, and the obliquity becomes still

less, until close to the peristome the pairs of pores stand in almost straight and



OF WESTERN SIND. 49

simple vertical series. The pores are round, conjugate, close; and close above and

below, the pairs being separated by a ridge with a very small tubercle upon it. The

composition of the ambulacral plate is interesting. The lowest or most adoral of its

poriferous plates usually extends the whole breadth of the ambulacral plate, as a band-

like strip of uniform thickness ; the next panr of pores is borne on the primary ambu-

lacral plate ; and the succeeding poriferous plates are small wedge-like plates for the

reception of which the primary ambulacral plate has its aboral and outer margin

scooped away, the aboralmost of these small plates not being more than one half the

breadth of the ambulacral plate, the intermediate ones smaller still.

The ornamentation of the interporiferous zone is simple : there is a small primary

tubercle on each plate, placed nearer the poriferous zone than the median sutural line

from the actinostome to near, or midway to, the margin, where a second tubercle is

seen on two or three plates. The tubercles are small, nearly equal, and crenulate,

and their bases are flush with the test. A few very small tubercles, larger than

miliaries, are scattered without much order on the plates near the margin, and are still

nearer the peristome.

The interradial areas are occupied by numerous low and broad plates, larger than

those of the ambulacra ; the median suture is well developed, and the other sutures

also, and they indicate some curving of the upper and lower margins of the plates.

The tubercles are small on the plates, equal to, if not slightly larger than those of the

ambulacra. On the actinal surface there is one primary tubercle on each plate near

the peristome ; a little further out there are two, and nearer the margin three, and

finally four to a plate. There are two vertical rows, which reach to the peristome on

each interradial area ; and then further out there are rows corresponding with the

increase in number of the tubercles. There are a few very small tubercles, and some

miliaries slightly smaller on the plates, and they are sparsely placed in more or less

concentric rows around the larger tubercles.

Above the margin the number of larger tubercles can be estimated in spite of the

worn condition of the test, and two on each plate appears to be the number. The

smaller tubercles are larger there than on the actinal surface, and surround the larger

ones in a scrobicular circle, giving a granulated appearance.

The cuts for the branchiae are well developed.

The length of the test is nearly 1-j^- inch, and the breadth is 2-j^ inch.

Locality. Ranikot series, north by east of Petiani, west of Kotri. Survey-number

n- 2.8.0.
^* 13 5'

Illustrations of the Species in Plate VIII.

Fig. 6. The outline of the test : natural size.

7. The actinal surface : natural size.

8. A part of the actinal surface : magnified.

9. The cuts and the ambulacrum near the peristome.
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Spines of CidaridoB. Plates X. & XI.

Numerous spines of species of the genera Cidaris, Phyllacanthus (Rhahdocidaris),

and Porocidaris are in the collection of Echinoidea from the Ranikot series of Sind.

Spines of Species op Cidaeis.

In Plate X. the figures 9 and 10 represent a long tapering spine with a slightly

compressed outline, a plain surface for a short distance above the projecting ring above

the base of the shaft, and longitudinal rows of small, close, bluntly serrate knobs along

the shaft reaching from the plain surface to the tip.

A larger and more coarsely ornamented spine, with incisions on the ring around

the hollow for the tubercle, is drawn at figures 11 & 12.

A thin, small, and almost plain spine with the milled ring slightly crenulate, on

one side, is drawn on figures 13 & 14.

The locality whence these spines were derived was north by east of Petiani, west

of Kotri, in the Eanikot series. Survey-number G y|f

.

The broader, stouter, more fusiform, and more roughly granular and spinulose

spines, with slightly triangular and compressed sections, figured on Plate XI. figs. 1-11,

are probably those of species of Cidaris.

Locality/. Hills east of Lynyan, Eanikot series. Survey-number G -f-ff^.

A Porocidaris spine of great interest is figured on Plate XI. Figure 12. The

spine fractured, natural size, and its section. Figure 13. The same, magnified.

This spine is greatly compressed above the cylindrical base, which has a crenulate

ring below the shaft, and also a crenulate ring around the cavity for the tubercle.

The shaft has a broad central part, from the sides of which numerous stout pro-

cesses project obliquely upwards. The front of the flattened shaft has a longitudinally

striated ridge ; and the back is slightly convex and striated. The raised striae pass

oflF into the lateral processes.

Locality. Makli Hill scarp, near Tatta, Eanikot series. Survey-number G j-|f

.

Numerous large, much flattened, broad spines, with small crenulate rings, belong

to the genus Phyllacanthus {Bhdbdocidaris, Desor). The flat surfaces are ornamented

with numerous blunt serrations ; and these are largest at the sides, from which some

project considerably. Plate XI. figs. 14-23.

Locality. Hills east of Lynyan, Ranikot series. Survey-number G fff-.
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OrtZer ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family CONOCLYPEID^.

Genus CONOCLYPEUS, Agassiz, 1840 (amended).

Large Urchins, more or less oval or elliptical in marginal outline, conical, vaulted

swollen or subconical above, rather flat actinally, and with a thick test. Apical system

button-shaped and projecting ; ocular plates very small. Ambulacra very long, straight,

not tending to close ;
poriferous zones broad, conjugate ; grooves well developed ; inter-

poriferous zone large. Peristome central, with well developed tumid bourrelets, and

without a phyllode. Jaws exist, and auricles also. Periproct inframarginal or mar-

ginal, oval and longitudinal. Ornamentation small, very equal, of sunken scrobicules

surrounding small tubercles, with a mamelon which is perforate and crenulate, and

separated by a raised surface minutely granular.

1. CoiirocLYPEUS SiNDBNSis, sp. nov. Plate XII, Figs. 1-4.

The test is very thick, elliptical in marginal outline, subconical, broader than high,

longer than broad, more tumid anteriorly than posteriorly (above the swollen ambitus),

and sloping more suddenly anteriorly than posteriorly. The transverse section in a line

with the apical system, which is excentric in front, is nearly hemispherical above. In

the longitudinal section, the posterior slope from the apical system is at first rather

sharply impressed, then curved outward somewhat tumidly at about two thirds the

distance from the apex to the posterior extremity, and thence slopes down rather rapidly

to the margin. The actinal surface is slightly tumid, and slopes to the margin and

to the central peristome. Apical system defective, but was small.

The ambulacra are long and unequal. The odd and the anterior pair are straight

;

and the posterior pair, which are the longest, are gracefully curved, being bowed out

laterally at their upper third conformably with the incurved or impressed portion of the

odd interradium. They do not come very close to the margin, and are widely open

at the extremity.

The poriferous zones are broad ; the pairs of pores are numerous, the grooves

between them well pronounced, and the raised intermediate ridges have one row of well-

developed granules. In the anterior odd ambulacrum the poriferous zone is broader

than the interporiferous area, except in the actinal third, where this last region is

slightly the broadest. But in the posterior ambulacra, at the lower end of the upper

third the interporiferous zone is equal in breadth to one of the poriferous zones. The

inner pore is larger than the outer.

At the actinal termination of the ambulacra, and above the margin, the poriferous
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zones suddenly diminish in breadth, and the direction of the pores becomes oblique,

and that of the grooves also ; so that whilst the direction of the inner pores is nearly

in the line of the series, that of the outer set describes about one quarter of a

circle. A single row of pores is continued from each zone over the ambitus to the

peristome, where the direction becomes slightly irregular and alternate ; but there is

no doubling there, nor is there a true phyllode. The interambulacra are swollen

and somewhat boldly convex close to the apex ; and they are more rounded and tumid

midway to the ambitus.

The peristome is central, large, deep, transversely elongate ; and the projecting,

rounded, and bluntly pointed bourrelets have grooves between them for the gutter-

shaped ends of the ambulacra.

The ornamentation is slightly largest actinally, and it decreases towards the am-

bitus. It is subequal and small on the apical part of the test, and everywhere consists

of a raised interscrobicular granular part and sunken scrobicules with small tubercles

consisting of a boss and small mamelon, which are not higher than the ordinary

level of the test. Traces of crenulation are seen here and there ; and the minute

mamelon is perforate.

The periproct is inframarginal and elongate longitudinally, and it transgresses

slightly on the margin, which is less tumid posteriorly.

Height of the test at the apex 2^^ inches, breadth 4 inches, length 4^;^ inches.

Locality. North-east of Petiani, west of Kotri. Eanikot series. Survey-number
ri 280^ x;.35-

Illustrations of the Species in Plate XII.

Fig. 1. The actinal surface of the test : natural size.

2. An end of an ambulacrum : slightly magnified.

3. The ornamentation: magnified.

4. Part of an ambulacrum, high up : magnified.

2. CoNOCLTPEus ?, sp. Plate XII, Figs. 5, 6.

There is a specimen from the hills east of Lynyan, from the brown Eanikot

limestone, which is so much worn that its specific diagnosis is not possible, and the

generic is also doubtful.

The marginal outline is oval and broadest posteriorly ; and the periproct is oval,

pointed in front, longitudinal, and transgresses on the margin. The ambitus is tumid,

and the abactinal surface is conical, the height being less than the breadth. The
ambulacra come rather close to the margin, are widely open ; and the poriferous zones

are not very broad, and end in a point. The apex appears to have been central and

the ornamentation small.

Probably it is a species of Conoclypeus ; but the actinal surface is not visible.

Height of specimen 2^^ inches, breadth 2>-^q inches, length i-^g inches.

Survey-number G ffy.
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Illustrations of the Specimen in Plate XII.

Fig, 5. Side view : natural size.

6. The periproct : natural size.

3. CoNOCLTPEUS DECLivis, sp. nov. Plate XII, Fig. 7.

Another specimen, probably of a species of Conoclypeus, is much broken and covered

with brown limestone. It is oval, but is broadest in front and narrower, decidedly, behind;

the margin is sharp, and the test slopes up to the apex, which is slightly excentric and in

front not with a convex tumidity, but with here and there concave surfaces, becoming

convex close to the apex. The ambulacra are unequal, the posterior being the longest,

and they come down rather close to the margin ; they are widely open, and the interpori-

ferous zone is broader than a poriferous, nearly throughout. The poriferous zones are not

very wide, end in a point, and the ridges between the conjugate pores are multigranular.

The ornamentation of the interporiferous zone is of numerous sunken scrobicules, with

intermediate granulation, and the bosses are small and with small mamelons. The inter-

ambulacra differ in size on account of the comparative closeness of the anterior and the

antero-lateral ambulacra, and their shape gives a pinched-up appearance to the apical

part of the test. The actinal part is invisible. The ornamentation is larger and

scantier than in the forms already noticed.

Locality. East of Lynyan, Eanikot group. Survey-number G yf ".

Illustration of the Species in Plate XII.

Fig. 7. The test : natural size.

Suborder ATELOSTOMATA.

Family CASSIDULIDjE.

Suhfamily ECEINOLAMPIN^.

Genus PHYLLOCLYPEUS.

Phylloclypeus, de Loriol, 1881, MoTwgraphie des Echinides contenus dans les couches Nummulitiques de

VEgypU, p. 79.

In true species of Conoclypeus the bourrelets around a more or less circular

peristome are very large and equal, and the phyllodes have neither intercalated plates

nor doubling of the ambulacral pores. In Phylloclypeus the bourrelets are not very

large, are unequal, and surround a more or less pentagonal peristome. The phyllodes

have intercalated plates and double pores, so that the floscelle is well developed. Some
species of Hchinolampas only differ from Phylloclypeus by having unequal poriferous

zones ; and it is advisable either to place Phylloclypeus as a subgenus of Echinolampas,

or as a genus of Echinolampinee as a subfamily. Certainly Phylloclypeus has no

jaws.

I
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1. 1 Phtlloclypeus, sp. Plate XII, Fig. 8.

A very fragmentary specimen of a large Echinoid is from the gypseous shales from

the hills east of Lynyan in the Ranikot series.

The marginal outline is oval and broadest in front, the margins are slightly tumid,

and the upper part is rather low and conical, the sides being convex. The apex is nearly

central. The remnants of the ambulacra shovs' that they were widely open, the pori-

ferous zones being moderately broad, ending in a point close to the margin. The ridges,

between the conjugate pores, are coarsely granular (one row), and the poriferous zone

is narrower than the interporiferous area.

The most interesting part of the test is around the peristome, where a phyllode is

preserved. The pores are evidently doubled in several instances, and the bourrelets do

not appear to have been large.

There is then some doubt about this specimen belonging to the Conoclypeidse, and

we are disposed to place it with de Loriol's genus Phylloclypeus.

Height of specimen 2 inches ; breadth 3-^- inches ; length 4J inches.

Survey-number G fff*-

Illustration of the Species in Plate XII.

Fig. 8. The phyllode : magnified.

Genus PLESIOLAMPAS.

Plesiolampas, Duncan Sf Sladen, Foss. Echin. of Sind, Pal. Indiea, series xiv. p. 9 (1882).

1. Plesiolampas placenta, sp. nov. Plate XIII, Figs. 4-9, and Plate XIV, Fig. 1.

The test is considerably depressed, slightly longer than broad, with a squarely oval

marginal outline. Abactinally the slope from the, slightly eccentric in front, apical

system is not quite so decided anteriorly as posteriorly ; the margins are tumid, and in

front more so than behind, where there is no rostration. Actinally the peristome is

deeply seated in a concavity and is slightly in front of the centre, and the test is

swollen around it to the margins, but less so posteriorly. The periproct is entirely

inframarginal, reaches close to the edge, and is elongate oval.

The apical system is small and compact, the madreporic body is central and

minutely granular on the surface. There are four generative pores, and the front

pair are closer together than, the hind ones. The ocular plates and pores are

small.

The ambulacra are subequal, the posterior being the longest, rather wide, slightly

petaloid, widely open, and extend to a short distance from the margin. The interporiferous

zones are broad, slightly raised, and are widest about midway, and the poriferous zones

of each ambulacrum are equal ; the pairs of pores are numerous, oblique, conjugate, the

outer pore being elongate and the inner subcircular, and the costal ridges have a

row of minute granules on them.



OF WESTERN SIND. 55

Beyond the petaloid portion the ambulacra expand over the margin and contract

close to the peristome. A single series of pores is continued as the prolongation of a

poriferous zone, and the pores are close and numerous at the margin and as far as the

peristome, the plates being broad but low. At the peristome the ambulacra narrow

inwards, and have no doubling of the pores, but a slight departure from the serial lines,

and within the peristome there are two pores close together. The ornamentation of the

interporiferous zones is of sparsely distributed sunken scrobicules with a small boss, the

intermediate parts being minutely granular. This ornamentation is closer at the margin

and larger actinally, and it becomes scantier at the low gutter-shaped area of the

ambulacra between the rudimentary bulging bourrelets. There is no true phyllode.

In one specimen there is an appearance of a double row of pores, but the inner rows of

pores do not penetrate, are more or less aborted, and each is overarched by a prominence

developed on the next aboral plate ; they appear to be depressions for sphseridia

(Plate XIV. fig. 1).

The interradial areas are narrow at the apex ; and the ornamentation of the abactinal

part is of the same character as that of the interporiferous zones, but is scantier ; and

the granulation is more distinct, and it is closest and smallest at the margin, and largest

and scantiest actinally.

The peristomial continuations of the interambulacra are slightly tumid, pass

upwards between the ambulacra there, and are covered with a minute crowded orna-

mentation of small bosses ; they constitute rudimentary bourrelets. The peristome is

transversely elongated, open, pentagonal, and the bounding lines are convex and tumid

inwards. Posteriorly, from the peristome to the periproct, is a median line of crowded

minute granules, a few sunken scrobicules and bosses being along it here and there.

The periproct is long, but distant from the peristome by more than its own length,

is close to the margin, is broadest posteriorly, and is surrounded by a crowded

ornamentation.

There is some variation in the shape of the specimens of this species, and it mainly

relates to" the position of the greatest breadth.

Height of specimen.
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Fig. 5. Another specimen ; the test, from above.

6. Part of an ambulacrum : magnified.

7. The peristome : magnified.

8. The peristome : more highly magnified.

'' 9. The longitudinal outline of the test.

Plate XIV.

Fig. 1. The rudimentary phyllode : magnified.

2. Plesiolampas pe^longa, sp. nov. Plate XIV, Figs. 2, 3.

The test is elongate, the length in proportion to the breadth as 7 : 5, subdepressed

and convex above, very tumid at the sides and in front, subrostrate posteriorly. Mar-

ginal contour elliptical, widest posteriorly opposite the extremities of the posterior

petals, and then contracting somewhat rapidly to the posterior point ; anterior to the

widest part the outline is almost paraboloid. Actinal surface very tumid, with the

peristome deeply impressed and the tumidity of the test slightly less in the posterior

median line than elsewhere. The longitudinal profile shows the abactinal surface of

the test to be very level, passing down with rather a rapid but well-rounded curve

along the posterior rostration. The transverse profile presents rather a flatly convex

outline, tumid at the sides, and bending round onto the actinal surface with an unin-

terrupted curve.

The apical system is small and excentric in front, its distance from the anterior

extremity being little more than one third of the length of the test. There are four

generative pores, the posterior pair larger and slightly wider apart than the anterior

pair, and with two rather conspicuous small tubercles, similar to those which ornament

the test, standing in a line drawn between the posterior pores. The madreporic body

occupies the central space, and is prominently convex.

Ambulacra small, distinctly petaloid, converging towards their outward extremities

;

the antero-lateral petals terminating at a distance from the margin equal to one third

of the length of the petal, whilst the posterior pair terminate at fully their own length

distance from the margin. The petals of the paired ambulacra are of equal width, but

the posterior pair are slightly longer than the anterior. The posterior poriferous zone

of the antero-lateral ambulacra is somewhat longer by 2 or 3 pairs of pores, and more

curved than the anterior zone ; in the posterior petals, the curvature of the zones is

equal, and their length does not diff'er by more than one pair of pores. The odd ambu-

lacrum is covered by matrix. The anterior pair form a wide angle with one another,

and the posterior pair a much smaller one.

The poriferous zones are narrow and slightly broadest at the middle of the zone,

their width here, however, being less than one half the breadth of the interporiferous

area. The inner pores are round, and the outer slightly elongate transversely ; and

they are united by a faint conjunctive furrow, the costal ridges that separate the pairs

of pores being ornamented with a single line of minute uniform granules, five or six in

number at the broadest part of the zone. In the antero-lateral ambulacra there are 29
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or 30 pairs of pores in the anterior zone, and 32 in the posterior ; and there are 38 or

39 pairs of pores in the zones of the postero-lateral ambulacra. The extrapetalous

continuation of the zones consists of single pores, rather widely spaced, in consequence of

the height of the extrapetalous ambulacral plates. Close to the peristome the pores are

nearer together, and there is some irregularity in their serial arrangement, and two or

three supplementary pores are present, thus forming a very indistinct and rudimentary

,

phyllode. The interporiferous areas are flush with the surface of the test, but appear

very faintly convex in consequence of the slight depression of the poriferous zones.

The postero-lateral interradial areas are slightly prominent close to the apical

disk.

The ornamentation of the interradial areas and that of the poriferous zones are simi-

lar, and consist of very small tubercles equidistantly spaced, and sunken in deep scrobi-

cules, the intermediate space being granular and with a tendency to become confluent

immediately round the scrobicule, the intermediate granules remaining more distinct.

On the abactinal portion of the test the intermediate granular spaces are usually greater

than the breadth of the scrobicules. In the interporiferous areas the tubercles are

slightly smaller and more crowded, and also just below the ambitus. On the actinal

surface the tubercles are larger than elsewhere, the scrobicules wider, and the inter-

mediate space is reduced to seldom more than a single granular ring, and which becomes

more or less confluent. There is an indistinctly defined, subconfluently granular,

median band, devoid of tubercles, extending between the peristome and the periproct.

The peristome is large, slightly excentric in front, and more central than the apical

system, transversely elliptical, the breadth being y inch, and the shorter diameter ^
inch, with the lateral apses acutely angular. The peristomial wall is closely granular,

and there is no development of bourrelets. The terminal portions of the ambulacral

areas which form the incipient phyllodes are very faintly sunken.

The periproct is large, elliptical, placed longitudinally and inframarginal, sloping

up slightly from the actinal surface, and overarched by the posterior rostration of the

odd interradium. The length is -^q inch, and the breadth 2% inch.

Dimensions. Length of the specimen 1^ inch, breadth 1 inch, height ^ inch.

Distance of apical system from posterior edge -^g inch.

Locality. East of Kandaira in the Vero plain, Eanikot series. Survey-number

G226155-

Remarks. This is more nearly related to Plesiolampas elongata, Duncan and

Sladen*, than to any other member of the genus. It is distinguished from that orm

by the more elongate and anteriorly more contracted test, by its more level abactinal

surface and less gibbous posterior rostration, by its much wider, more petaloid, more

highly developed, and diff'erently proportioned ambulacra, by its more actinally placed

periproct, and finally by its more widely spaced tuberculation. Thgouh thus well

marked specifically, there is no doubt of this form being the representative of the Infra-

Trap species in the Eanikot strata.

* Part i. page 10.
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Illustrations of the Species in Plate XIII.

Fig. 2. Actinal aspect of the test : natural size.

3. Apical disk and part of the sun-ounding portion of the abactinal surface :

magnified.

Also a portion of the poriferous zone : more highly magnified.

Numerous specimens of a Plesiolampas from -^ inch to nearly IJ inch in length

were found at a spot north by east of Petiani, west of Kotri ; on hills east of Lynyan,

from the brown limestone and gypseous shales, in the Eanikot series.

Every stage of growth from a minute globular and slightly elongate forni to a

depressed ovoid (the adult shape) is represented in the series of specimens ; and in all

there is a large, open, transverse, elliptical peristome, a large ovoid periproct placed

longitudinally, marginally, or submarginally, and short, open ambulacra placed eccen-

trically in front of the centre. The floscelle is feebly developed. The adult form may

be taken as the type.

3. Plesiolampas ovalis, sp. nov. Plate XIV, Figs. 4-18.

The test is moderately thick in substance ; and its marginal outline is ovoid, with

a slight enlargement behind the centre on either side, and a slight blunt point where it

is narrowest behind.

Above, the shape is slightly convex, and rather flat at the vertex and median line

;

the margins are well rounded, especially anteriorly. The highest point is rather behind

the centre of the upper part, but the slope is very gradual from it. Beneath, the

surface is slightly concave, especially near the peristome.

The apical system is eccentric and in front of the centre ; the generative pores are

four in number, and surround a well-developed, convex, madreporic body. The ambu-

lacra are subpetaloid, are open at the end, and show but a slight disposition to close

;

and the perfect poriferous zones end far from the margin. The anterior ambulacrum

is the shortest and usually the narrowest ; it is widely open anteriorly, has a narrow

interporiferous zone, and equally developed poriferous zones. The pores, as in the

zones of all the ambulacra, are conjugate ; the outer series are the largest, and are

round in worn specimens, rather elongate when well preserved. The inner are

smaller and rounder. This ambulacrum, like the others, is very slightly raised

above the level of the test, and its zones are of equal length, or one may have one pair

of pores more than the other.

The ocular pore, as is the case in the other ambulacra, is small, and the first three

or four pairs of pores are exceedingly small and close, so that a small space exists around

the apical disk, where, in all the ambulacra, there appears a defective poriferous develop-

ment. The pores become fully developed in all the ambulacra in about one quarter

the length of the zones.

The antero-lateral ambulacra form the sides of a very open angle ; they are more

petaloid than the others, and their interporiferous zones are the largest. They, are

shorter than the posterior ambulaca, which are open and form an acute angle, and

terminate far from the end of the test.
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A line of single pores passes from the inner set of each poriferous zone over the

margin, including a space which extends close beyond the end of the petals and contracts

towards the peristome, where there is a slight flaring and apparent doubling of a few

pores. The poriferous zones are rarely unequal, and then only in a slight degree.

The peristome is less excentric than the apical system, is large, open, transverse,

elliptical, with the front rather sharply curved, and broadest from side to side. The

interambulacral portions of the mouth are nearly vertical and are profusely granular, and

there is a faint broad bourrelet-ridge. The phyllodes are small, but there is a doubling

of pores, and two pores are seen within the peristome.

A band of miliaries with traces of zigzag lines, more or less worn, exist between

the peristome and the periproct, which in large specimens is inframarginal or slightly

obliquely placed in the margin itself. It is large, ovoid, widely open, and the length is

longitudinal. It is close to or at the margin, and has a point or rudimentary rostrum

overhanging it above.

The ornamentation of the upper part of the test is of small tubercles with distinct

scrobicules ; and the raised surface between them is minutely granular, with microscopic

miliaries. The same ornamentation is on the interporiferous zones. The inter-

ambulacra are slightly raised between the petals and close to the apical system. The

tubercles are larger actinally and less crowded there.

Length of largest specimens rather more than 1-j^ inch, breadth l-j^- inch,

height -j% inch.

Locality. North by east of Petiani, west of Kotri. Survey-number G fffj.

Jhirak, and hills east of Lynyan. Survey-number G fff;.

Other specimens:

—

Length Ij^ inch, breadth 1 inch, height -^ inch. In specimens of this length

the posterior projection is very evident, and the periproct is oblique on the margin,

ovoid, large, open, and longitudinal in its great axial direction.

Smaller specimens lyg- inch in length, are -^ inch broad, and rather over -^^ inch

in height.

Locality. East of Kandaira, on the Vero plain. Survey-number G ff f.

Another, 1 inch long, is -^ inch broad and nearly --^ inch high.

Locality. Hills east of Lynyan. Survey-number G fff

.

Its periproct is inframarginal and very slightly transgressive.

A smaller, -^ inch long, is -^ inch broad and -^ inch high. A second, -j% inch

long and -^ inch broad, is ^ inch high, and the mouth is more central, and the huge

longitudinal periproct is oblique on the margin and rostrated.

One, -^ inch long, rather over -^ inch broad, is just under -^ inch in height.

Other measurements are:—
Length j%, breadth yq, height -^^ inch.

5>
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Memarks. The worn specimens of the larger types give a fallacious idea of the

poriferous zones ; for when well preserved they are traversed by a succession of bars

between the pairs of pores, and they are covered with a row of miliaries. The linear

nature of the pores is then shown and their conjugate nature.

The petals never reach the margin ; and their inequality is very slight, and never

amounts to that of the typical Echinolampidse described by MM. d'Archiac and

Haime. The miliary median space inferiorly and the shape and position of the peri-

proct are worthy of notice.

Premature Forms. The examination of the young forms gives some very interesting

results.

The shape of the young forms is higher, more tumid, convex at the top, elongate

;

and the periproct is large and obliquely placed on the posterior margin, and invading

the under surface also. It is longitudinal and oval. The peristome is large and sub-

central.

The poriferous zones in the very small forms are not developed near the ocular

pores, but they are further out. They are sensibly unequal, short, and the whole rosette

is anterior and small. The deficiency of pores in the anterior ambulacrum is remarkable

in some specimens.

The next group, in point of size, show increasing elongation of the test, and the

unequal condition of the poriferous zone is palpaj3le. All this is seen in specimens ^
inch in length, and in others in a less degree up to f inch. The test is then flatter,

but the large periproct and peristome are rather close together, the former transgressing

on the lower surface. The unequal pore-zones are not so definite. In some there is a

slight diff'erence in the size of the poriferous zones in the same petal.

Illustrations of the Species in Plate XIV.

Eig. 4. The actinal aspect : natural size.

5. Portion of the median granular band and periproct : magnified.

6. Outline of the longitudinal profile of the test.

7. Abactinal view of another specimen.

8. Apical disk and portion of abactinal surface of another specimen : magnified.

9. Abactinal aspect of a young specimen : natural size.

10. Actinal aspect of the same: natural size.

11. Abactinal aspect of a young specimen : natural size.

12. Apical disk of the same specimen: magnified.

13. Longitudinal outline of the same specimen : natural size.

14. Actinal aspect of very young specimen : natural size.

15. Longitudinal aspect of the same.

16. Abactinal view of the same test : natural size.

17. Peristome of a specimen one inch in length : magnified,

18. Apical disk and surrounding structure of the same specimen (Fig. 14) :

magnified.
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4. Plesiolampas eosteata, sp. nov. Plate XIII, Figs. 1-3.

The test is moderately depressed, slightly longer than broad, broadly elliptical in

marginal outline, broadest close behind the eccentric-in-front apical system, rather

narrower in front than posteriorly, and having a slightly rounded-off posterior projection,

with a faint depression on either side of it, just posterior to the postero-lateral ambu-

lacra. The highest point of the test is at the apical system ; and the surface slopes

thence to the margin, which is slightly tumid, and least so where the test is pinched in

posteriorly. Actinally the surface of the test is faintly convex ; but the peristome is

deeply seated. The periproct is long, oval, and inframarginal, and it does not touch the

margin. The apical system has a large madreporic body. The ambulacra are long,

widely open ; and there is only the slightest tendency to a petaloid form in the postero-

lateral; the anterior is the shortest, and the postero-lateral are the longest. The

interporiferous zones are broad, and the ornamentation is irregular, there being spaces

where the granulation predominates over the tubercles and scrobicules.

Height of specimen rather more than ^ inch, length 3 inches, breadth 2-j^o

inches.

Locality. Eanikot series, north by east of Petiani, west of Kotri. Survey-

number G fif

.

Illustrations of the Sj>ecies in Plate XIII.

Fig. 1. The test, from above.

2. The test, side view.

3. The periproct.

5. Plesiolampas polygonalis, sp. nov. Plate XIII, Figs. 10, 11.

The test is polygonalin outline, moderately tumid at the ambitus, tumid abactinally,

highest behind, very concave actinally. The greatest breadth is at the blunt angular

projection over the antero-lateral ambulacra ; and the test is narrowed rapidly behind

those regions, and less so in front ; it is rather truncated behind, and has a wide angle

in front. The apical system is slightly eccentric in front, and is over the deeply seated

widely transverse peristome. The periproct is inframarginal, elongated longitudinally,

and narrow. The ambulacra are narrow, long, open, and very faintly petaloid.

Length l-j^ inch, breadth l^-^ inch, height i% inch.

Locality. North-east of Petiani, west of Kotri, Ranikot series. Survey-number

G280T35-

Illustrations of the Species in Plate XIII.

Fig. 10. The test, from above.

11. The test, longitudinal outline.

Genus EOLAMPAS, gen. nov.

Test small, tumid, ovoid, subdepressed ; the greatest height corresponding with

the apical disk, and very eccentric in front ; the anterior slope rapid and precipitous,

the posterior subrostrate towards the extremity.

K
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Ambulacra small, short, petaloid, subequal ; the odd anterior ambulacrum aborted.

Poriferous zones subequal, pores conjugate.

Apical disk eccentric in front, small ; generative pores four, and madreporiform

body central.

Peristome transversely oval, subcentral or very slightly eccentric in front, with

perpendicular wall reaching upward into the body-cavity. No bourrelets. Phyllodes

very faintly developed. Buccal pores opening into the peristomial margin, with a small

granule-like prominence over each standing at the extreme edge of the peristomial

ring.

Periproct marginal, transverse (1).

Tuberculation small, homogeneous, in sunken scrobicules ; intermediate space

subgranular and confluent.

This genus is closely related to Echinolampas ; indeed the test might at first

sight be regarded as that of a young or abnormal form ; but the small and subequal

ambulacral petals, the aborted odd ambulacrum, the very anterior apical disk, together

with the form of the test and the character of the peristome appear to demand a

generic separation. Furthermore, no true Echinolampas has hitherto been found in

the Eanikot series, whilst the form under notice is recorded from three localities.

Eolampas also occurs in the Khirthar series ; and although these beds are very rich

in Echinolampas, we are unable to refer the form (apart from its special characteristics)

to the young of any species there present.

1. EOLAMPAS ANTECUESOR, sp. nov. Plate XVII, Figs. 11-16.

The test is tumid, highest in front, with a precipitous anterior portion and a more

gradually sloping and curved posterior part, the top of the test being on a very gradual

backward slope. It is longer than it is broad, and broader than high. The transverse

outline is nearly hemispherical ; and the marginal outline is oval or elliptical, the greatest

breadth being about central. The margins are tumid, the actinal surface is slightly

hollowed out or concave, there is barely a keel posteriorly, and the anterior and lateral

parts of the test overhang the base. The apical system is very eccentric in front, and

the peristome is subcentral ; the periproct is just above the margin and is small. The
apical system is small ; there are four small generative plates and pores ; and the

madreporic body is small and central. The ambulacral rosette is small in relation to

the size of the test ; and the ambulacral petals end remotely from the margin, and

the posterior pair more than their own length from the posterior end of the test.

The anterior ambulacrum has no double pores, but there is a series of broad

grooves amongst the ornamentation of the test in their position ; the grooves are

more numerous than the pairs of pores of the other ambulacra, and no trace of a

pore is to be seen in them. A worn test shows neither grooves nor pores in the region

of the odd ambulacrum.

The antero-lateral ambulacra form a widely open angle, being nearly transverse in

their position ; they are petaloid, not closed, and they are slightly broader than the

others. The anterior poriferous zone is straighter than the posterior ; and the pairs are
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not very numerous, are oblique, conjugate, with well-marked intermediate ridges ; and

their pores are large, circular or slightly elongate in outline, and subequal in the

pairs. The interporiferous zone is widest towards the half-distance from the apex.

The postero-lateral ambulacra are narrower than those just described, and either slightly

longer than or equal to them ; and the width of the poriferous zones is less. They

form an acute angle at the apex, and are nearly closed distally. The pores are oblique.

A single row of wide-apart pores passes over the margins from each poriferous zone ; and

at the peristome the rows approach to form a rudimentary phyilode whose pores are at

the sutures of the plates ; and there is no doubling of them. The ornamentation of the

petaloid areas is the same as that of the surrounding test, and consists of numerous

small sunken scrobicules, with short and broad tubercles in them.

The interradial areas are largely developed abactinally. The anterior are marked

by a larger ornamentation than elsewhere ; and the posterior is rounded between the

ambulacra and narrow, but it does not form a decided keel ; it is slightly pinched in

near the margin, on either side of the line leading down to the periproct.

The peristome is at the deepest point of the actinal concavity, large, widely open,

deep, transverse, and elliptical in outline, the smallest angles being at the sides. A process

composed of the inner parts of the plates around the peristome passes upwards like a

short canal ; and its surface is minutely granular. The ambulacra of the peristome are

narrow ; and the first two plates have each a pore on them, which penetrates the plate

and looks into the canal just mentioned. The other plates are narrow, and gradually

become broader towards the margin.

The edge of the peristome between the phyllodes is slightly raised, and in the

natural position projects slightly downwards. The ornamentation of the actinal surface

of the test is slightly larger than that of the upper part ; and there is a small knob close

to the peristome on either side of the ambulacra.

There is a faint groove in front of the peristome ; and the anterior margin is slightly

incised by it in young specimens. The periproct is supramarginal or marginal, small,

and is slightly overhung by the faint keel.

Length of specimen (Figures 11 & 12) -/q inch, breadth -^q inch, height -po
>' length

of a second specimen -^ inch, breadth -^^0 inch, height -j^ inch ; length of a third

specimen ^% inch, breadth ^^ inch, height ^ inch.

Localities. 1. From hills east of Lynyan in gypseous shales, high horizon.

Survey-number G xff*-—2. North-east of Band Vero, from the Operculina beds.

Survey-number G ff o-—3. The same as No. 1. Survey-number G xfy- All are from

the Eanikot series of strata.

Illustrations of the Sjpecies in Plate XVII.

Fig. 11. The side view: natural size.

12. From behind : natural size.

13. Outline of actinal surface : natural size.

14. The apical system and petals : magnified.

15. The peristome : magnified.

k2
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Subfamily EGHINANTHIN^.

Genus ECHINANTHUS, Breynius.

1. EcHiNANTHDS ENORMis, sp. nov. Plate XVII, Figs. 5-10.

The test is tumid, irregularly hemispherical, higher in front than behind, longer

than broad, and stands on a small base, which is overhung by the swollen margins.

The marginal outline is elliptical and broadest centrally, rounded in front, and very

faintly marked by a groove posteriorly in the median line. The test is faintly swollen

and convex actinaliy. The highest point of the test is eccentric in front ; thence it

slopes rapidly, the anterior longitudinal section being nearly semicircular ; behind the

slope is gradual and longer to the slightly projecting edge above the periproct. From

the periproct, which is rather high up, there is an oblique truncation, so that the

test passes from the posterior margin upwards and backwards. On either side of the

apex the slope is less convex, so that a conical appearance is given in section.

The apical system is very eccentric in front ; and the disk corresponds with the

highest point of the test ; there are four generative pores ; and the madreporic body

is small and central.

The anterior odd ambulacrum is dwarfed and very short, it is open and narrow

;

the poriferous zones are short; and indifferent specimens there are from 8 to 15 pairs

of pores in each zone, which are conjugate. It reaches but a short distance down

the rapid anterior slope ; and then the inner row of each poriferous zone is continued in

single series, which gradually widen apart to the margin, over which they pass to the

peristome.

The antero-lateral ambulacra are well developed, form a large angle, are petaloid,

moderately open, and have broad interporiferous zones. The poriferous zones are rather

narrow ; and the subcircular large pores are conjugate, with well-marked ridges between

the pairs.

The postero-lateral ambulacra are the longest, form an acute angle, and reach to

within their own length of the posterior truncation. Narrower than the antero-lateral

pair, more lanceolate, and more open, they are broadest near their inner third.

The interambulacra are largely developed on account of the smallness of the

abactinal rosette, and the posterior one is marked by a very faint rounded keel leading

to the periproct. The ornamentation is of small tubercles in shallow sunken scrobicules,

and it is rather close.

Actinaliy the test is slightly convex ; and the peristome is small, excentric in front,

pentagonal, longest transversely (in some specimens the longitudinal axis of the

peristome is not quite in the median line). The floscelle is moderately developed ; the

bourrelets are slightly tumid and project downwards ; and the phyllodes are open distally,

are short, and have a few double pores.

The ornamentation of the actinal surface resembles that of the abactinal ; and here

and there minute granules encircle the scrobicules, and others are on the intermediate

parts of the test.
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The periproct is high up, oval in the longitudinal direction, and has a faint groove

below it on the sloping truncation.

The length of the test of one specimen is -^^ inch, breadth t% inch, and height

1% inch. A larger specimen is in length -^ inch, breadth -^ inch, and height

^0 inch.

Localities. From hills east of Lynyan, Eanikot series (Survey-number G f-fe)

;

and north-east of Band Vero in the same group (Survey-number G xf^).

Illustrations of the Species in Plate XVII.

Fig. 5. A large specimen, side view: natural size.

6. A smaller specimen (the type), side view : natural size.

7. The same, from behind : natural size.

8. The apical region : magnified.

9. The peristome : magnified.

10. Ornamentation: magnified.

Remarks. Although the shape of the test of this species is very abnormal for

Echinanthus, we consider that the essential characters of its structure are naturally

referable to i.hat genus, of which, however, it will stand as a very extreme form. It is

readily distinguishable from any of the species hitherto described.

Genus CASSIDULUS, Lamarck, 1801.

Test of small or moderate size, oblong, convex above, flat beneath, or slightly

depressed along the median longitudinal line.

Apical system slightly eccentric in front.

Ambulacra short and very petaloid. Pores conjugate, the external series more

elongate than the internal.

Peristome subpentagonal, more or less eccentric in front, surrounded with a well-

developed floscelle.

Periproct oval, longitudinal, supero-marginal, placed at the commencement of a

short groove which does not indent the margin.

Tubercles small and uniform on the abactinal surface, but much larger on the

actinal surface, excepting along a median longitudinal band.

1. Cassidulus ellipticus, sp. nov. Plate XV, Figs. 7-10.

The test is long, depressed, elliptical in marginal outline, longer than broad, nearly

twice as broad as high, slightly broadest behind the peristome, flat below, with a very

slight downward projection of the posterior end, which is truncated for a short distance

in the median line. The margin is rounded and tumid in front, and less so and more

sharp at the sides and posteriorly. Above, the test is very regularly convex in trans-

verse outline. The longitudinal outline is rather flat behind the slightly eccentric-in-

front apical system ; there is a faint keel, and then a sudden fall and a sharp slope

to the margin. In front the slope is more gradual and faintly curved to the more
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rounded anterior margin. The posterior part of the test above, is flatter than the

anterior.

The peristome is under the apical system, and is slightly in front of the centre.

The periproct is supramarginal, in a deep groove, which slightly flattens out posteriorly,

where it terminates at the truncated end of the test. It is narrow and longitudinal,

nearly vertical, and under the overhanging test ; and its position is considerably behind

a line which would unite the extremities of the posterior petals.

The apical system is small ; the four generative pores are distinct ; and the madre-

poric body, which does not extend backwards to separate the posterior ocular plates, is

well developed and central. The ambulacra are petaloid, and the antero-lateral and

posterior are nearly closed ; the anterior ambulacrum is the broadest, and the posterior

are the largest. The ambulacra are broadest in their apical half, and the zones are

well developed ; but the posterior poriferous zone of the posterior ambulacra is slightly

smaller, especially near the apex, than the anterior zone of the same ambulacrum.

Otherwise the poriferous zones are well developed, and one of them is nearly as wide

as the interporiferous zone is broad.

The poriferous zones are nearly flush with the test, and the numerous conjugate

pores are separated by distinct costal elevations ornamented with a single row of

granules. The inner pores are more or less circular in outline, and the outer are

smaller and more elongate ; and the direction of the conjugate grooves is oblique.

The poriferous zones of each ambulacrum are equally bent. The interporiferous

zones are very slightly raised, are ornamented with numerous tubercles standing in

sunken scrobicules, and which are slightly smaller than those in the interambulacral

spaces.

The ambulacra do not reach near the margin ; and the end of the posterior is ^s
inch from the posterior end of the test, the periproct being -^g inch from the same part.

The interambulacra are well rounded off"; but there is a faint keel between the posterior

lateral, which reaches backwards to the periproct. The ornamentation of the interradials

is small on the apical surface of the test, and gradually increases in size at the margin

;

it consists of small tubercles in sunken scrobicules, with the intermediate area or

ridge covered with minute granules.

The peristome is slightly longest longitudinally, is large, pentagonal, and the

floscelle is highly developed. The bourrelets are granular and swollen, with tubercles

on the lowest projecting point ; and the buccal pores are in nearly closed phyllodes,

which are petaloid and broad. The reduplicate pores are numerous ; and there are

two sets of depressions for sphseridia along the interporiferous line.

The ornamentation of the actinal is much larger than that of the abactinal surface,

and the tubercles are often placed on one side of their scrobicule and close to the

intervening ridges. The large tubercles are seen along the lines of the ambulacra

beyond the phyllode ; and close to the edge of the test all the ornamentation becomes

suddenly small. A cancellated and worm-eaten tract extends in the median line from

the moutli to close to the truncated margin, and it is also seen in front of the peristome.

It appears to be produced by confluence of granules.
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The shallow groove of the periproct has a very small ornamentation, which merges

into that of the sharp truncation.

Length of specimens l^g and li% inch, breadth 1-^ and ^ inch, height ^q and

•^ inch.

Locality. In the Ranikot series, north by east of Petiani, west of Kotri. Survey-

numbers G ?-ff and G fff..

Illustrations of the Species in Plate XV.

Fig. 7. A specimen of the test, from above.

8, The transverse section.

9. The floscelle and ornamentation : magnified.

10. The ornamentation of part of an ambulacrum.

Genus RHYNCHOPYGUS, D'Orhigny, 1855.

Test of small or moderate size, depressed, elongate, convex above, concave beneath.

Apical system subcentral or eccentric in front.

- Ambulacra subpetaloid, almost straight.

Periproct supramarginal, transverse, surmounted by a more or less developed,

subrostrate roof. Peristome pentagonal, subcentral, or only slightly excentric, with

well-developed floscelle, the bourrelets being large and the phyllodes highly developed

and ornamented. Tubercles much larger on the actinal surface than on the

abactinal.^

There is much to be said in favour of the classification of Alexander Agassiz,

which places this group as a subgenus of the genus Cassidulus. "We retain it as a

genus provisionally ; for our ideas of classification develop themselves as this great series

of Echinoderms is gradually examined and described.

1. Rhynchoptgus Caldeei, d'ArcUac & Eaime, sp. Plate XV, Figs. 1-4.

Eurhodia Calderi, d'Archiac &[ Haime, Descrip. Anim. foss. dv, groupe Numm. de VInde, p. 352, pi. xxx.

fig. 19.

A single example of a Cassidulid, which we refer to dArchiac and Haime's

species, is included in the collection of the Echinoidea of the Ranikot series. The

specimen is large but badly preserved, and, from not being found in place, doubt exists

as to the correctness of its being included in this series. It may have come in from a

higher horizon—probably the Khirthar. We have compared this fossil with a series

from that group, and find that the accordance both of the form of the test and also of

the matrix is exact. Still, as the doubt exists, we mention the species here, and give a

description of the imperfect specimen by which it is represented. A more complete

detail of structure will be given when we treat of the fossils of the Khirthar group,

which is probably the true horizon of the form.

The test is elongate, ovoid in marginal outline, moderately high, and roof-shaped

above, rather sharply rounded in front, broader and rounded behind, except on either
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side of the median line, where it is truncated and slightly reenteringly curved.

Actinally the test is slightly concave. The margin is tumid, but less so posteriorly ; and

there are projections on it—one at the posterior third, and another close to the trun-

cation. The anterior part of the test of the ambitus is on a slightly higher level than

the sides ; and there is a corresponding upward slope, posteriorly, starting from the first

projection on the margin. The apical part of the test is rather roof-shaped ; and there is

a rounded eminence passing from the interporiferous zone of the anterior ambulacrum,

over the top of the test, backwards to the transverse slit-like process covering the peri-

proct. The test slopes from this long keel, is flatter midway between it and the margin

than at the ambitus, and slopes more gently anteriorly than towards the overhanging

periproct-ridge.

The apical system is slightly in front of the centre of the upper part of the test

;

and the anterior odd ambulacrum is large, broad, very open anteriorly, and has broad

poriferous zones. The line of the inner pores of the poriferous zones is nearly straight,

and that of the outer pores a curve ; the interporiferous zone is well developed and

broader than one of the poriferous zones. The antero-lateral ambulacra are destroyed,

except close to the outer end of one, which is not closed ; but the poriferous zones are

closer together than in the anterior odd ambulacrum. The posterior ambulacra do not

reach to the line of the periproct-ridge ; but they are too badly preserved to be described.

The periproct is transverse, is overhung by a projection of the keel, and it is in a

broad groove very visible from above, which is slightly hollowed out, and merges by a

convex edge into the truncated but slightly reentering margin. The highest part of

the test is in rear of the centre, but the abactinal roof is very level.

On the actinal surface there is a larger ornamentation than on the abactinal, and

there are traces of a pitted structure in the median line posteriorly.

Length of the specimen 1-^^- inch, breadth l-^^, height -j^- inch.

Locality. There is some doubt whether this form came from the Eanikot series,

and it may belong to the Khirthars above. Survey-number G fff•

The list says north-east of Petiani, west of Kotri (not found in place, probably

Khirthar group).

Illustratio7is of the Species in Plate XV.

Fig. 1. The test, side view : natural size.

3. The test, from behind : natural size.

2. The odd ambulacrum, slightly pitted : magnified.

4. The surface of actinal median line : magnified.

2. Khynchopygus PTGM^us, sp. nov. Plate XV, Figs. 5, 6.

This species is much smaller than th'e last, but is of the same general shape except

in the absence of the long even abactinal keel ; the test is more convex in front from

the ambitus to the apex than in the other form. The actinal surface is concave from

side to side, and the truncation posteriorly barely exists.
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The rosette is moderate in size ; and the anterior odd ambulacrum is characterized

by its open extremity, large interporiferous zone, straight inner line of pores, and the

curved outer lines. The antero-lateral ambulacra are smaller than the others, and do

not reach halfway to the margin. The posterior ambulacra are longer than these last,

have a narrow interporiferous zone, have the posterior poriferous zone slightly smaller

than its fellow, and they terminate more than halfway from the apical disk to the trans-

verse process above the periproct. All the ambulacra are well open at their ends ; and

the straightness of the inner lines of pores is very characteristic. There is a rounded

keel over and in front of the transverse oval periproct, which is in a broad shelving

groove.

The floscelle of the peristome is highly developed ; and the cribriform structure of

the median line is evident, being bounded by a larger ornamentation than exists on the

abactinal surface. The large ornamentation consists of tubercles in broad scrobicules,

separated by ridges ; several of the tubercles are on one side of the scrobicule.

Length of specimen ^ inch, breadth ^ inch, height not quite f inch.

Locality. In the Eanikot series, north-east of Petiani, west of Kotri. Survey-

number G xff•

Illustrations of the Species in Plate XV.

Pig. 5. The test, from above : natural size.

6. Part of the phyllode and pitted structure : magnified.

Genus EURHODIA.

Eurhodia, d'Archiao Sf ITaime, Aniniatuv fossiles de I'Tnde, p. 214.

The superior petals are small, almost closed, and have unequal poriferous zones

;

the buccal petals are closed, subequal, and have their inner pores double. The peri-

stome is surrounded by slight and unequal tuberosities ; and the periproct is supramar-

ginal, and opens into a slight depression ; it is large, ovular, and elongated trans-

versely.

This diagnosis was founded in order to separate Eurhodia from some other

Cassidulids, and especially those of the genera Pygorhynchus and Rardouinia. It was

the result of the study of specimens which were small and had the peristome incom-

pletely shown or badly preserved. Two species were recorded, one Eurhodia Morrisii,

which replaced Pygorhynchus Morrisii, d'Archiac, and Eurhodia Calderi, Haime.

The first of these is carefully described by d'Archiac and Haime in their ' Ani-

maux Fossiles,' p. 214, but not from one good or a large series of good specimens.

Hence the correct shape of the test and many specific points are not recorded, and their

specific determination becomes almost generic in its value. Moreover the type of the

distinguished authors was not full-grown by one third.

Some thirty-five specimens were collected in the Eanikot series ; and as most of

them are in good condition, many points of structural importance can be elucidated,

and the specific characters slightly amended. But the generic attributes are not cor-

L
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rectly given by MM. d'Archiac and Haime, and it is found that the diagnosis,

although remarkably clear, is hardly positive enough, and yet too comparative, especially

as it relates to two other genera from which this is distinguished.

Genus EURHODIA, d'Archiac and Haime (amended).

The test is large and stout; it is elongate, oval, and is truncated posteriorly,

broad in front, depressed, rather flat, or slightly rounded above, slightly concave

actirally and tumid at the ambitus. Apical system and rosette small, eccentric in front

;

petals small, unequal, open, especially that of the odd ambulacrum. Poriferous zones

unequal in size. Peristome large, eccentric in front, very elongate longitudinally,

pentagonal ; floscelle highly developed ; pitted structure in the median line of the test

inferiorly.

Periproct elongate transversely, supramarginal, transverse, in a shallow broad

groove, which shelves backwards and is surmounted by a rounded roof.

1. EuEHODiA MoEEisii, d'ArcMac and Haime. Plate XVIII, Figs. 1-7.

Pygorhynchus Morrisii, d'ArcJiiac, 1850, ffist. des progris de la Geol. t. iii. p. 248.

The thick test is long, rather depressed, ovoid at the tumid margin, broad in front,

widest in front of the centre, on a line with the peristome, and tapering backwards

to a posterior truncated edge. The apical surface is highest behind the centre and

between the posterior ambulacra ; it slopes slightly on a comparatively plane surface to

near the end of the odd ambulacrum, and then merges into the boldly convex ante-

rior portion of the test, which unites with the tumid margin. Behind, the slope is

more sudden, and there is a rounded low keel, which reaches backwards along a slope

very much less defined than the anterior convexity of the test, and which reaches to

the edge over the supramarginal periproct. The keel and the test slope on either side

lapidly to the sides of the test, so that this part is less tumid and narrower than the

anterior portions. The posterior edge of the test is rounded, but is rather sharp ; it is

nearly straight transversely, but just a little incurved, and the broad shallow periproct-

groove slopes upwards and forwards from it. The actinal surface is nearly flat, but

there is a longitudinal and central depression, at the anterior end of which is the

peristome ; posteriorly the actinal surface is very slightly produced downwards.

The apical system is small and eccentric in front ; there are four generative

pores, and the madreporic is central ; the outer pores are well developed. The ante-

rior odd ambulacrum is straight, open, and the outer series of pores of the poriferous

zones curves to the straight inner series. The interporiferous zone is broader than one

of the poriferous zones. The pores of this and of the other ambulacra are conjugate,

and the outer series are more elongate than the inner, which often are circular in

outline ; the pores of a pair are more widely spaced in the middle of the poriferous

zone than at the extremities; and sometimes the conjugation is difficult to trace in

the middle of the zone in some specimens. The pores of all the ambulacra are
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numerous, and are crowded near the apex in consequence of the narrowness of the

arabulacral plates ; and the pairs are separated by costal ridges, distinct in some parts

and. sparsely and irregularly ornamented with granules (Fig. 6).

The antero-lateral ambulacra are petaliform, slightly open, and are as long as

but broader than the anterior odd ambulacrum. The poriferous zones are curved and

even slightly sinuous distally, especially the posterior ; and the interporiferous zone is

broader than that of the other ambulacra. The posterior lateral ambulacra are the

longest ; they are nearly closed, form an acute angle, and reach back to within one and

a half times their length of the periproct. The inner or posterior poriferous zones are

narrow and nearly straight ; and the outer are much the broadest and curved ; the

distinction between the two zones is very decided. All the ambulacra are nearly flush

with the test, and their interporiferous zones are covered with a small tuberculation

resembling that of the interambulacra of the upper part of the test. The tubercles are

minute, sunk in a deepish scrobicule, and are rather wide apart. The tubercles are with-

out order, but at the end of the anterior odd ambulacrum they assume a linear con-

vergent arrangement, and form a series of successive Vandykes, the angle being outwards

and forwards. The ambulacra are continued over the margin, a very small pore being

seen here and there.

The ornamentation of the upper part of the test is very equal and small; it

becomes crowded at the margins, and at the under surface it gradually increases in the

dimensions of the tubercles and scrobicules, until the largest are found close to the

peristome. Beneath, the tubercles have a boss and mamelon and are perforate, and are

separated by minute granulations.

The peristome is beneath the apical system, is longer than broad, elongate, longitudi-

nally narrow, pentagonal, and narrowest and angular anteriorly. It is deep, and the

floscelle is well developed.

These buccal petals are broad, nearly closed, a tubercle often interposing between

the poriferous zones at their ends, wide apart ; and their poriferous zones are well

developed, and marked with grooves and costse.

The poriferous zones have numerous pores in the outer row, and about half the

number in the inner row, connected by grooves which are rather wide apart.

The inner pores are doubled in most instances ; and very frequently the innermost

series appear to be aborted and blind, possibly modified into sphseridia-pits. Two pores

are within the peristome.

The anterior petal is usually the broadest, and is arched around by a small pitted

space whose pits are rather deep and small and irregularly placed. This space is con-

tinued forwards, and also extends sometimes on both flanks of the anterior petal. The
antero-lateral buccal petals are more pointed than the odd one, and are surrounded by

a row of large tubercles.

The postero-lateral ambulacra also have a tubercle at their open distal end, and

posteriorly they are bounded by the commencement of the median pitted space, which,

reaches forwards to the posterior edge of the dense peristomial lip. The buccal petals

l2



72 THE FOSSIL ECHINOIDEA

are slightly concave at their interporiferoua zones ; and these portions contract within

and slope upwards into the mouth in flat stalk-like processes.

The interambulacra end, actinally, in short, slightly downward-projecting, broad

processes or bourrelets, which are covered with an exceedingly delicate granulation.

They pass upwards, forming the sides of the peristomial pentagon, and are concave

externally between the phyllodes where they are in contact with the pitted spaces or

regions of large tuberculation. The posterior pitted space reaches the posterior margin

of the test, and diminishes gradually in width.

The periproct is large, transverse ; and the broad edge of the slight posterior inter-

radial keel overhangs it. The floor of the periproct, slightly concave and broad, merges

into the posterior shelving process, which terminates in a rather sharp edge at the pos-

terior truncation of the test.

Length of specimens. Breadth, Height.

2yo inches. 1-^ inch. 1 inch.

2-1% „ 1t^ „ not quite 1 „

_4. XX9 1_4.^ 55 -"-10 5' 12
1_6_ 1_1_ _7_
-•^10 55 -"^lO 55 10 55

Locality. North-east of Petiani, west of Kotri, Eanikot series (Survey-number

G Iff) ; also at Jhirak, Eanikot series (Survey-number G fffs)-

Variety. With a narrow interporiferous zone to the odd ambulacrum ; the test

more elliptical and larger behind than the type ; other structures the same.

Several specimens of this variety occur ; and there is some variation in regard to their

height and breadth ; they are mostly smaller forms, but most are more than 1 inch

in length.

Localities. South-west of Jhirak ; hills east of Lynyan ; from gypseous shales,

Jhirak. Survey-numbers G ||f , G f|§^, G fff,-.

These are all from the Eanikot group.

Illustrations of the Sjpecies in Plate XVIII.

Fig. 1. The test, from above : natural size.

2. Side view: natural size.

3. Transverse outline.

4. Actinal surface : natural size,

5. Apical system : magnified.

6. Part of an ambulacrum : magnified.

7. The floscelle : magnified.

Genus PAEALAMPAS, gen. nov.

Test of small size, suboval, high, and convexly inflated above, greatest elevation

posteriorly eccentric ; slightly concave beneath, margins very tumid.
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Ambulacra petaloid, short, subequal, closely approximating at the extremities

distally
;
poriferous zones equal ; pores equal, round and conjugate.

Apical disk compact, slightly eccentric in front.

Peristome pentagonal, more or less eccentric in front, slightly widest laterally

;

floscelle well developed, with wall-like bourrelets,

Periproct suboval, supramarginal, high, overhung by a well-developed supra-anal

rostration, with a more or less defined groove beneath.

Tubercles small, uniform, crowded, equidistantly placed, sunken in deep scrobicules ;

slightly larger and more widely spaced on the actinal surface.

This genus resembles Hhynchopygus to a certain extent in consequence of the over-

hanging character of the supra-anal portion of the odd interambulacrum, but differs

widely in the great height and posterior eccentricity of the elevation of the test, and

is further distinguished by the small and petaloid ambulacral rosette, the equal pores,

the comparative simplicity of the floscelle, the absence of a median, pitted, actinal band,

and the small and homogeneous character of the actinal tuberculation, which is very

slightly larger than that above the ambitus. It differs from Pygorhynchus in the form

of the test, the character of the ambulacra, the structure of the floscelle, and the

absence of the median band. It is distinguished from Echinanthus by the form of the

test, the supra-anal rostration, and the proportions and character of the petals and

pores. From Catopygus, to which the form of the test presents a somewhat exagge-

rated resemblance, it is well defined by the character of the ambulacra, the concave

actinal surface, and the structure of the floscelle.

1. Paralampas pileus, sp. nov. Plate XV, Figs. 11-14.

The test is high, longer than broad, broadest posteriorly, very convex above, and
rather concave below, except at the tumid margins. The sides of the test are swollen

and project outwards more than the margins, and slope up roundly to the top. The
gi-eatest height is between the distal ends of the posterior ambulacra ; and thence the

test slopes forwards, slightly, to the apical system, which is eccentric and in front, and
roundly and sharply backwards to the ridge over the narrow periproct, which is about
two thirds of the distance from the margin. The transverse outline of the test above
the ambitus is nearly semicircular, but there is a slightly angular summit. At the

margin the test is rounded and narrow in front and broadly rounded behind ; and there

is a concave surface along the actinal median line.

The peristome is small, eccentric in front, transverse and pentagonal. There is

a projecting ridge or lip from each interambulacral space or bourrelet ; and traces of

double pores are seen in one part of this badly preserved portion of the test.

The apical system is eccentric and slightly in front, and is moderate in size ; the

madreporiform body is central ; and there are four generative pores. Near it, the inter-

ambulacral spaces are excessively narrow, in consequence of the rather abruptly broad

petals of the trivium. The anterior odd ambulacum, the longest, is petaliform, passes

along the anterior declivity of the test, does not reach the margin by a distance nearly
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equal to its length, is open distally, and has a very broad interporiferous zone. The

poriferous zones are equal, rather narrow, and the pores are circular in outline or

slightly elliptical. The pairs of pores are rather oblique, are crowded near the apex,

and much wider apart distally ; and the pores are conjugate. The ambulacrum is

broadest midway, and is flush with the test. The antero-lateral ambulacra are shorter

than the others, have a tendency to close, are petaloid and broad in the interporiferous

zone. They diverge greatly, but are not transverse, and they do not reach to the most

swollen part of the side of the test. The posterior ambulacra are rather close, and are

narrower than the antero-laterals ; they end very far from the periproct-groove, and more

than their own length. The poriferous zones of the ambulacra have a close resemblance.

There are 27 pairs of pores in the odd ambulacrum, and 25 in the others. The large

interporiferous zones are very characteristic.

The peristome is beneath the apical disk.

The periproct is in a decided groove, with a shelving process, which reaches the

tumid margin, and is covered at about halfway up the posterior part of the test by a

roof-like ridge. The periproct is longitudinal rather than transverse.

The ornamentation of the test is that of very small tubercles or sunken areolae

;

and there is a fair amount of intermediate raised reticulation.

Length f inch, breadth ^q inch, height -fij
inch.

Locality. Hills east of Lynyan, from gypseous shales, Ranikot series. Survey-

number G ft 6*-

Illustrations of the Species in Plate XV.

Fig. 11. The test, side view: natural size.

12. View from behind : natural size.

13. Marginal outline, from below.

14. The apical system: magnified.

2. Paealampas mince, sp. nov. Plate XVII, Figs. 1-4.

The test is small, almost hemispherical, stands on a small base beneath the over-

hanging tumid margins ; it is as long as broad, and slightly longer than high, broadest

midway between the peristome and the posterior margin, slightly truncated posteriorly,

and decidedly concave actinally around the peristome. The marginal outline is ellip-

tical, and broadest behind. The highest point superiorly is central, and is situated

between the posterior ambulacra. The apical system is eccentric in front and on the

rounded anterior slope. The peristome is more central than the apical system, and the

periproct is high up, circular in outline, and at the top of the posterior truncation, which

has a faint groove.

' The apical system and subequal petaloid ambulacra are small ; there are four

generative pores, and a small central madreporic body. The anterior odd ambulacrum,

well developed, is nearly closed ; the pores, large and circular in outline, are conjugate

;

and the grooves are oblique ; and the interporiferous zone is fairly developed. The
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antero-lateral ambulacra form a very open angle, are nearly closed ; the conjugate grooves

are oblique, and the posterior poriferous zone is more curved than the anterior. The

postero-lateral ambulacra are nearly closed, are rather close together ; and the conjugate

grooves are oblique. The extremities of these ambulacra are about 1^ times the

length of the petals from the periproct. The interporiferous zones of the lateral

ambulacra are narrow distally, and in all cases are sparsely ornamented like the sur-

rounding interradial area.

The interradial areas are large, and are separated by the long continuations of

the ambulacra beyond the petaloid portions. These continuations are broader than

the ambulacra as they reach the margin, although narrow at the end of the petals ;

they are marked by a series of solitary pores on either side. The posterior interambu-

lacrum is rounded between the ambulacra, and then slopes with a very equal convexity

backwards and downwards, forming hardly a trace of keel, and reaches the periproct.

The ornamentation of all the interradials is small, close, equal, and consists of small

tubercles in sunken scrobicules, the intermediate raised portion of the test being

scanty.

The peristome is sunken, subcentral, pentagonal, largest transversely, and deep.

The floscelle is moderately well developed. The bourrelets are narrow and project

downwards, with rounded edges; and the phyllodes are not petaloid, but are open

externally and small peristomially. There is a shght reduplication of pores, and the

first pair are very visible at the peristomial edge.

The actinal ornamentation is of the same character as the abactinal, but slightly

larger.

Just above the rounded-off posterior margin the test is very slightly truncated

;

and there is a shallow median groove with a faint ridge on either side leading up

to the periproct.

The length of the type is i% inch, and the extreme breadth is the same; the

height is -^g inch.

Locality. Hills east of Lynyan, gypseous shales in the Eanikot series. Survey-

number G xf 6*-

Illustrations of the Species in Plate XVII,

Fig. 1. View from the side : natural size.

2. From behind : natural size.

3. The apical system and petals : magnified.

4. The peristome : magnified,

Eemarks. This species is very nearly allied to P. pileus, but difiers in the more

conoidal and more tumid form of the test. The periproct is higher up, the median

keel and the overhanging supra-anal ridge are much less developed, and the infra-anal

groove is narrower and more clearly defined. The ambulacral petals are comparatively

smaller, and the interporiferous areas narrower, than in the preceding species. These

differences appear sufficient to warrant the recognition of the independence of this form,
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although it is quite possible that it may be the young stage of a well-defined variety of

P. pileus.

Genus NEOCATOPYGUS, gen. nov.

Test of moderate size, tumid and high, subrotund marginally, greatest height

posteriorly eccentric. Abactinal area convex, sides tumid and high ; actinal surface

convex. Posterior extremity subrostrate and prominent, tumid actinally.

Ambulacra petaloid, petals short and subequal, open at the extremity ; poriferous

zones subequal, pores unequal and conjugate. Extrapetalous pores single.

Peristome small and pentagonal, eccentric in front. Floscelle well developed

;

bourrelets forming an ornamented wall-like rim
;
phyllodes with an inner series of

supplemental pores.

Apical disk small and compact, slightly eccentric in front ; four generative pores

;

madreporiform body placed centrally.

Periproct small, subcircular or oval, supramarginal, placed at the extremity of the

posterior rostration, by which the aperture is slightly overhung. The subanal area,

which is tumid and rostrate, is faintly grooved.

Tubercles small, perforate and crenulate, sunken in deep scrobicules, intermediate

space granular, the encircling ring of the scrobicule often well defined. Actinal orna-

mentation coarser than above the ambitus.

This genus recalls Catopygus to a certain extent, but is readily distinguished by

the form of the test, the small ambulacral rosette, the single series of extrapetalous

pores, the character of the floscelle, the position of the periproct, and the character of

the posterior rostration.

The form is well defined, and further comparison with other genera of Echino-

lampinse seems superfluous.

The forms included in this genus difl'er much from the modem Catopygi, and are

as remote from them as from the Cretaceous forms.

1. Neocatopygus eotundus, sp. nov. Plate XVI, Figs. 1-10.

The test is very tumid, broadly oval or cordiform in marginal outline, rounded in

front, rather pointed behind, broadest at a lateral projection, which is anterior to a

narrowing immediately anterior to the faint subanal rostrum. The test is highest

posteriorly midway between the distal ends of the posterior lateral ambulacra, and it

slopes gradually in front to the very tumid ambitus, and more suddenly posteriorly to

the periproct, which is three quarters of the distance from the upper part of the test to

the lower ; thence the outline of the test, passes obliquely downwards and forwards.

The sides of the test are tumid, and slope up gradually to the apex, and more suddenly

to the slightly convex actinal surface. The apical surface is convex ; and the convexity

of the posterior interambulacral area is iliterfered with, along the median line behind

the point of greatest height, by a shallow groove with faintly raised edges. This groove,

with its edges, becomes slightly raised near the periproct ; and the structure is continued
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inferiorly down to the rounded-oif and slightly projecting posterior rostral process.

The test is slightly longer than broad, and broader than high.

The apical system is small and rather eccentric in front ; there are four genera-

tive pores ; and the madreporic body is placed centrally and is slightly prominent. The

ambulacra are small in relation to the surface of the test, do not extend beyond the

moderately convex upper surface onto the tumid sides, and are subequal, petaloid, and

do not close. They are nearly flush with the test. The interporiferous zones, slightly

above the level of the test, are broadest at the commencement of the distal third, and

are about double the width of a poriferous zone ; and their ornamentation is of a few

small tubercles in sunken scrobicules. The poriferous zones have the pores placed

rather obliquely, and the outer set are larger and more oval than the rounder

inner series. They are conjugate, and the costal ridges are granular. The pairs of

pores are close, and the plates of the ambulacra are numerous. The posterior lateral

petals are slightly the longest and contain the most pores; and the antero-lateral

petals diverge greatly, forming an angle of about 60°-66°. A row of numerous single

pores passes from each poriferous zone over the ambitus ; and the two rows forming the

extrapetaloid ambulacrum diverge on leaving the ends of the petals.

The interambulacra are wide and conform to the slight convexity of the test ; their

ornamentation is of sparsely distributed tubercles in sunken scrobicules, the intermediate

surface being ornamented with granules which are often arranged in circles around the

scrobicules, or the spaces may be minutely punctated.

There is a certain gibbosity placed longitudinally along, or rather posterior to, the

median suture of the interradial area between the antero-lateral and postero-lateral

ambulacra.

The peristome is very small ; it is more eccentric in front than the apical system,

is pentagonal, with slightly re-enteringly curved bourrelets, and it is slightly longer

transversely than longitudinally ; and the floscelle is well developed. A wavy ornamented

rim projects downwards from the bourrelets and from the sides of the proximal part of the

phyllodes. The buccal ambulacra or phyllodes have open ends, which expand into the

long line of single pores, and they have supplementary pores and also central pits. The
ornamentation of the test is coarser actinally, and some of it is within the poriferous

zones of the phyllodes.

The periproct is small, supramarginal, low down ; it is almost circular, or sur-

mounted by a slightly projecting ledge of the flat grooved keel; and there is a faint

groove leading from it downwards and forwards to be lost on the tumid posterior

rostrum.

Length of the test 1 ^g inch, breadth l-j^^- inch, height 1 inch.

Locality. Hills east of Lynyan, from .the gypseous shales in the Ranikot series.

Survey-number G fffj.

There are many specimens of different sizes of this species in the collection.

Some of these are from an uncertain locality, and are numbered G fff, but they

evidently belong to the same species and can hardly be called varieties.

M



78 THE FOSSIL ECHINOIDEA

In all the tumid test, the slightly eccentric-in-front and small apical rosette, the

more eccentric-in-front and small and transverse peristome, with a well-developed

floscelle, the faint keel, and the projecting but low-down periproct and the extra-

petalous row of solitary pores are very distinct and characteristic.

Illustrations of the Species in Plate XVI.

Fig. 1. The test, from above: natural size.

2. The test, from below : natural size.

3. The floscelle and peristome : magnified.

4. The test, side A'iew : natural size.

5. I'he posterior end : magnified.

6. The transverse outline.

7. The apical system : magnified.

8. A small specimen, from above.

9. The ornamentation : magnified.

10. Part of an ambulacrum : magnified.

Family SPATANGIBM

Siihfamih/ SFATANQIKJE.

Genus HEMIASTER, Desor, 1847.

The test may be short and inflated, or dilate and cordiform.

Apical system subcentral, or more frequently eccentric posteriorly.

The paired ambulacra are petaloid, more or less unequal, placed in furrows ; their

poriferous zones are broad and equal, pores elongate. The odd ambulacrum often

narrower than the rest, and placed in a less defined groove ; its poriferous zones are

very narrow, and composed of very small round pores forming a simple series of widely

spaced obliquely placed pairs.

Peristome bilabiate, very eccentric in front.

Periproct on the posterior extremity.

A single fasciole, peripetalous, more or less angular, surrounding the ambulacral

petals.

Tubercles perforate and crenulate, not sunken in scrobicules ; small, uniform, and

crowded on the abactinal surface, rather longer on the actinal surface.

1. Hemiastee elongatus, sp. nov. Plate XIX, Figs. 7-15,

The test is long, depressed, tumid at the ambitus, slightly convex actinally, rather

rounded apically, highest posteriorly, posterior margin slightly truncated above a sharp

plastron-point and below the elliptical transversely placed periproct. It is longer than

broad, and broader than high.
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The marginal outline is ovoid, broadest centrally, broader in front than behind,

where the test diminishes in breadth rapidly. The anterior margin is well rounded, the

groove not reaching to the ambitus ; and on a line with the antero-lateral ambulacra

there is some marginal flattening. A side view of the test shows the tumid margin

sloping backwards more rapidly than forwards ; the highest point is far back ; thence

the test slopes backwards rapidly over a very flat broad keel to overhang the periproct,

and forwards more gradually but decidedly to the low tumid anterior margin. The

test stands on a smaller base than the margin ; and the height of the test diminishes

rapidly in front of the very eccentric-in-front peristome. Posteriorly and below is

the pointed plastron-end, and the test slopes rapidly upwards and backwards, and then

nearly upwards to the periproct. The outline of the test seen from behind is depressed

at the sides, pointed below, faintly rounded and keeled above. Anteriorly, the outline

indicates a rounded actinal surface, showing the opening of the peristome, a low tumid

margin, and a broad low ambulacral groove with a low keel on either side of it.

The apical system is slightly behind the centre of the test, is small, and is situated

on a narrow transverse keel of the lateral interradia. The peristome is very eccentric

in front. The periproct is situated about three fourths of the distance from the pointed

end of the plastron to the summit of the test.

The apical system is compact and small ; the madreporic body is small, and sepa-

rates the posterior ocular plates, but does not extend into the posterior interradial area

;

there are only two generative pores, and they are situated at the tops of truncated

cones separated at their bases by the granular surface of the madreporic. The cones

are at the extremities of a narrow transverse ridge. The right and left antero-lateral

generative plates are very small, and they are not perforated by pores ; and the postero-

lateral plates are the largest and are perforated. There is no posterior generative

plate. The ocular plates are well developed, and are placed in hollows, and intrude on

the generative-plate edges.

The odd anterior ambulacrum is in a shallow groove, which widens and shallows

anteriorly until it is just lost at the ambitus; there is a keel on either side, which

diverges from its fellow, and which, well developed near the apical system, gradually

broadens and becomes lower anteriorly. The keels slope rather rapidly towards the

base of the groove; and the ambulacral. pairs of pores are situated partly on the base

and partly on the slope. They are few in number, are oblique, and the pores of each

pair are separated by a small tubercle. Beyond the fascicle the pairs become very

rare.

The antero-lateral ambulacra, in shallow grooves, are small, form an angle of about

90°, are petaloid, very nearly closed, slightly sinuous, broadest in the outer half, and

fairly rounded close to the fasciole which closes them. The poriferous zones are large

and on difiierent levels, the anterior being on the slope of the test, caused by the keel

of the anterior odd ambulacrum, and the posterior nearly flat. The pores are conju-

gate, rather wide apart, elongate, and the inner are the smallest; near the ocular

end the pores of the anterior poriferous zone are smaller than those of the posterior

m2
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and as a whole the anterior series are more bent than the posterior. The interpori-

ferous zone is shallow, and not as broad as one of the poriferous zones. The postero-

lateral ambulacra diverge nearly as much as the antero-lateral, are much smaller than

the others, are slightly longer than broad, rounded, and nearly closed close to the fascicle,

are in shallow grooves ; and the pairs of pores are few, 8 to 11 in number. There are a

few minute granules on the ridges between the pairs of pores, and there is a distinct

longitudinal line in the interporiferous zones. Beyond the fascicle the pores of the

ambulacra are in single series ; and they reach the peristome, where they become more

numei'ous.

The antero-lateral interradia are swollen by the keels of the odd ambulacrum, and

become broader anteriorly; they are very narrow near the apex, between the pores of the

odd ambulacrum and the anterior poriferous zones of the antero-lateral ambulacra

;

and this part is keeled. The postero-lateral iaterradia are also narrow at the apical

system, and are formed there into a long but narrow keel ; this expands rapidly

into the general convexity of the test beyond the limits of the ambulacra. The

posterior interradium is very faintly keeled between the ambulacra, and it rises

gradually to a point rather posterior to them ; it slopes on either side to the line of

the continuation of the ambulacra, and posteriorly more sharply, and is rounded offjust

above the periproct. The plastron is long, narrow, pointed, and lowest posteriorly, is

generally convex from side to side, and the lip on the anterior end is slightly prolonged

downwards.

The peristome is small, much the longest transversely, has a rim, and is round at

the sides. The periproct is elliptical and broader transversely than from above down-

wards ; there is a very faint flattening just below it.

The fascicle is well developed and is peripetalous. Jt is broad, and marked with

many rows of granules at the end of the antero-lateral petals ; it passes thence back-

wards slightly, and then turns towards the apical system, running nearly parallel

with the antero-lateral petals for a short space; then it crosses over, not going far

into the angle between the petals, narrows considerably, and passes backwards and

inwards to reach the distal end of the posterior petals. It enlarges as it bounds

their end, and then crosses over the keel, narrowing and having a slight convexity

backwards. In front, the fascicle starts from the end of the antero-lateral petals,

narrows and mounts the keel on the outside of the odd ambulacrum, taking a direction

forwards and inwards ; still narrowing, it passes forwards, but with a less inward course,

and crosses the median line with a sharp curve, enlarging again there, the convexity

being forwards ; this part of the fascicle is slender, and is much nearer the ambitus

than the apical system.

The ornamentation is remarkable for its variation in size and detail. Posteriorly

the ornamentation is small, and consists of very small tubercles with still smaller ones

between them; they are crowded, and give a granulated appearance. This orna-

mentation increases in size and definition on the sides towards the fore part of the

postero-lateral interradia ; and the tubercles are seen to be surrounded by a row of
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smaller ones, or they merge into a raised rim around. In the antero-lateral region this

ornamentation is stiU larger and more pronounced ; but along the line of the odd

ambulacrum, over the ambitus, the tubercles become smaller and rarer, and moniliform

circlets of minute tubercles are seen. The tuberculation is large and distinct on the

keel between the postero-lateral ambulacra and on the transverse keel beyond the

generative pores ; it is also large on the inner slope of the keels of the anterior odd

ambulacrum, and it is largest and sparest of all below the ambitus in front of and at

the sides of the peristome. The posterior ambulacra, actinally, are marked with an

ornamentation of long and radiating moniliform lines of granules ; and the plastrom

between them has its prnamentation of rounded tubercles on flat scrobiciiles, small

posteriorly and large in front ; and the lines of tubercles seem to radiate from the

posterior keel-end.

Height of specimens. Length.

-To inch. Ij^ inch.

-4 J7_
10 " 1 5>

A. _6_
10 55 10 55

_3_ _5_
10 55 10 55

The largest specimen is ^o iiich broad. Some forms are slightly broader in front

than others ; and rarely there is an impression of the groove at the ambitus in front.

The young forms are more globular than the older ones.

Localities. In the Eanikot series, north by east of Petiani (Survey-number

G xfy) ; hills east of Lynyan, from brown limestone (G -f-f§» and G ft?) ; east of

Kandaira, in Vero pkiin (G f-f-f) and Jhirak (Survey-number G flis)

•

EemarJcs. We are unacquainted with any species for which the present form

might be mistaken. It is especially distinguished by the elongate test, the egg-shaped

and regularly rounded marginal contour, and the characters of the petals and apical

disk.

Illustrations of the Species in Plate XIX.

Fig. 7. Upper view : natural size.

8

.

Actinal surface : natural size.

9. The apical system : magnified.

10. The longitudinal outline : natural size.

11. Ornamentation on the anterior keel : magnified.

12.1

1 3. VOutlines of young forms : natural size.

14.J

15. Test, from behind : natural size.

2. Hemiastee, sp.

There is a single small example of what was probably a Hemiaster in the

collection; but the test is unfortunately so much crushed, weathered, and badly
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preserved as to be perfectly undeterminable. Erom such characters as can be made'

out, the form was possibly identical with, or at any rate nearly allied to, H. digonus,

d'Archiac.

As this form is very abundant in a higher horizon, it is unnecessary to refer to the

species at greater length in the present place ; and the specimen is so unsatisfactory

that we should not have mentioned it, excepting for the interest which attaches to it

as a probable record of the presence of that species in the Eanikot series.

Locality. North by east of Petiani, west of Kotri, Kanikot series. Survey-

number G xf 5-

Genus LINTHIA, Merian, 1853.

(See cmtea, p. 17, part i.)

1. LiNTHiA Indica, sp. nov., and a variety. Plate XX, Figs. 1-8.

The test is broadly oval, depressed, with an angular outline, notched in front,

narrowed and truncated behind. It is widest just behind the centre, and the marginal

outline is wider and more rounded in front than behind. The apical surface slopes in

front from a low, rounded, sharp, narrow keel, which separates the posterior ambulacra

and overhangs the periproct, the highest point being behind the posterior ambulacra.

The actinal surface is slightly rounded and convex ; and there is a downward-projecting

posterior point to the plastron. A front view of the test shows the tumid and some-

what nodulose margins or flanks, the anterior groove for the odd ambulacrum keeled

on either side near the apical system, and behind it the sharp narrow triangular outline

of the keel of the posterior interradium.

The apical system is slightly in front of the centre, is small, and is placed on a

depressed area formed by the junction of the raised posterior keel, the narrow keels of

the lateral interradial areas, and the keels of the anterior odd ambulacrum.

There are four generative pores, and the anterior and posterior pairs are

rather close together ; the anterior pair of pores are much closer than the posterior

pair, which are wide apart. The right anterior plate is in relation with the madre-

poric body, which separates the posterior pair of plates widely, and which passes

slightly backwards and separates the posterior ocular plates. The anterior generative

pores are on a line with the ocular pores of the odd and antero-lateral ambulacra, and

the posterior ocular pores are on a line with the anterior and posterior generative pores.

The peristome is rather close to the anterior margin, and the periproct is high up

in the posterior truncation.

The groove for the anterior odd ambulacrum is rather deep, and becomes shallower

and broader towards the margin, which it notches decidedly ; it is continued more or

less on to the peristome.

A few sets of pairs of pores are on the flanks of the groove, and the twelfth pair

are crossed by the fasciole. Each pair is in a shallow hollow, and the pores are oblique

and separated by a granulation.



OF WESTERN SIND. 83

The antero-lateral ambulacra are long, on rather deep grooves, faintly flexuous,

rounded, and nearly closed where the fasciole bounds them, and narrow apically. The

anterior poriferous zone is on the flank of the groove, the narrow or interporiferous

zone is on the floor, and the posterior poriferous zone on the other flank, and, like its

fellow, is steeper near the apical system than in the outer third. The pairs of pores

are separated by granular costee ; and there are from 20 to 23 pairs of pores. The angle

formed by the diverging ambulacra is about 110°-115°.

The posterior lateral ambulacra are small, petaloid, close, separated by a narrow

keel, rather deep, nearly closed, rounded where in contact with the fasciole, and the

outer poriferous series is more curved than the inner. There are from 14 to 16 pairs of

pores. Their grooves are comparatively shallow.

The interradial areas are narrowed at the apex, and form moderately elevated,

narrow, rounded keels, ornamented with a few distant tubercles. On the flanks the

plates have a slight bulge ; and thus a series of longitudinal elevations is formed,

rendering the test slightly gibbose.

The ornamentation is largest in the anterior interradium, and especially on the

margins, and it becomes larger and sparer near the peristome. It is smaller in the

lateral interradia, behind a narrow line of minute granulations resembling a fasciole,

which passes along the surface of the extrapetaloid part of the antero-lateral

ambulacra. The ornamentation consists of low rounded tubercles or faintly rounded

scrobicules. The surface around the peristome is free from ornamentation; and the

plastron has a lai'ge ornamentation in regular oblique rows, which diminishes towards

the posterior point.

The peristome is broader than long, is narrow from behind forwards, rounded at

the outer angles, and is on the whole slightly curved and crescentic. The posterior lip

is on a lower level than the anterior edge ; the whole edge has a rounded-off rim. The
ambulacral pores are scanty in number.

The periproct is oval, longitudinal, high up, and is in the posterior truncation,

which is slightly hollowed out and bounded by faint ridges which enclose an oval

space and pass over the margin to unite at the point of the plastron.

The peripetalous fasciole is in relation with the gibbous swelling of the plates along

its course. It is broad at the rounded ends of the antero-lateral petals, and passes for-

wards and inwards as a narrower band to a gibbosity on the keel of the odd ambulacrum,

over which it passes with a bend, the convexity forwards, not far from the margin.

Behind, the fasciole passes along the edge of the end of the antero-lateral ambulacra

backwards and inwards to a gibbosity, and then enters the angle, passing close to the

commencement of the narrow keel of the lateral interradium. Thence it reaches the

anterior edge of the posterior petal, which it bounds ; turning round the termination

of the petal, it crosses directly over the narrow posterior keel to the other side, and

pursues a corresponding course. The fasciole is broadest close to the outer part of the

antero-lateral ambulacra, and is narrow elsewhere.

The lateral fasciole is very narrow ; it starts from the gibbosity behind the outer
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part of the antero-lateral ambulacrum, which is marked with the peripetalous fascicle,

and -passes backwards and downwards to reach the lower part of the truncation close

to the margin of the test, which it crosses with a downward curve.

There are many specimens of this lAnthia in the collection from the Eanikot.

series : some have been slightly crushed ; others (which are younger) have not. There

appear to be two forms—that which has just been described, and a smaller. These

last have a more globose and less depressed appearance ; but in all the other points

they correspond with the first.

Length of tlie type specimens.

inch.20
i9
2

20
1-1--20
14
20

Breadth.

\l inch.

i9.
20 "
1

1

20 "

14
20

Height,

inch.14
20
13
20

20
XX
20
12.
20

Length of specimen of variety.

1 s _• 1.

not quite \^

if inch.

14
20

Breadth.

iff inch.

Height.

iB inch.

12.
2 55

Locality. North-east of Band Vero, Eanikot series. Survey-number G H^.

Illustrations of the Sj^ecies in Plate XX.

Fig. 1. Actinal view.

2. Side view.

3. Apical system : magnified.

4. Side view of variety.

5. Fig. 1 from above.

6. Posterior view.

7. Young form: side view.

8. Posterior view.

Memarks. We were at first disposed to refer this form to the Linthia Arizensis,

d'Archiac, sp. ; but a careful study of the specimens contained in the collection has

convinced us that the differences are greater than would justify us in maintaining such

a conclusion. The outline of the test is broader, more angular, and with prominent

gibbosities ; the posterior height is much greater, the anterior slope is more rapid, the

posterior sloping truncation is concavely impressed ; the ambulacra are in much deeper

grooves ; the anterior petals are wider and more rounded at their distal extremities, and

the posterior pair are directed more backward and consequently at a smaller angle of

separation ; on the actinal surface the plastron is broad and well tuberculated, and the
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bare ambulacral areas are comparatively narrow ; and, finally, the peristome is situated

further from the margin.

In the variety (Plate XX, Fig. 4) the resemblance to L. Arizensis is still closer,

excepting that the height of the test is greater and more tumid, and the actinal surface

is also more tumid, the ambulacra are less deeply sunken, and the posterior pair are

comparatively a shade longer than in the type. This form is unquestionably the repre-

sentative of L. Arizensis in the Eanikot strata.

This Linthia is distinguished from L. Sindensis, Duncan and Sladen*, from belovp

the Trap, in the angle made by the antero-lateral ambulacra, the size of the posterior

ambulacra, and the position of the peripetalous fascicle. There is also a great distinc-

tion in consequence of the difference in the position of the apical system.

The older form has vpider-apart antero-lateral ambulacra than the species Indica,

and it has the apical system well in front of the centre. This is not the case in the

Eanikot form, which, in the position of the apical system, resembles somewhat the

Schizasters.

Linthia Indica is an approach to the genns ScMzaster ; and had it a more attenuated

posterior part, and the antero-lateral ambulacra closer to the anterior, and the pores

crowded in the odd ambulacrum, it would be a ScMzaster.

2. Linthia, sp. Plate XX, Fig. 9.

A specimen much worn on the upper surface, and nearly entirely destroyed

actinally, is in the collection from the Eanikot series. There are. some points about

the form which ally it with some of the large Nummulitic Linthias; but until better

specimens are obtained it is not necessary or advisable to give it a specific name,

especially as it has considerable affinities in some points with lAntMa Delanouei, of

De Loriol, from the Nummulitic of Egypt.

The shape of the outline of the test is cordiform, about as long as broad, slightly

broadest in front, with a slanting rostrum posteriorly. The apical system is nearly

central from the periproct to the slight anterior notch, but eccentric in front from the

lower end of the rostrum to the same position in front.

The anterior groove is moderately deep near the apical system, and broader and

shallower towards the front, where it faintly notches the ambitus. The pores in it are

small, separate in pairs, with a rounded costal elevation between each pair on the slope

of the side of the groove. There are about 20 pairs of pores; and the pores of each

pair are separated by a small tubercle.

The antero-lateral petals are large, long, deep, and straight ; they are broadest on

the outer third ; and the anterior poriferous zone is more curved than the posterior,

which is slightly the shortest. The pores are numerous, are on the vertical sides of the

ambulacra, are large, very conjugate, and separated by wide ridges ; they are smallest

near the ocular plate. There are about 40 pairs in the anterior poriferous zone, which

* See Plate IV. Part I. EcMnoidea from the infra-Trap.
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measures 21 millim. in length. The interporiferous zone is broad, and occupies nearly

the whole breadth of the floor of the groove ; it is narrower than a poriferous zone.

The angle made by the antero-lateral ambulacra is 120°.

The postero-lateral ambulacra, 15 millim. in length, are straight, ovate-lanceolate,

deep and narrow, form an angle of about 55°; and their pairs of pores (about 30 in

number) are large, placed on the nearly vertical sides of the groove, and are separated

by wide costal projections. The interporiferous zone is large, and occupies the surface

of the ground-floor.

The apical system is broken, and nothing satisfactory can be made out about the

number of the plates and pores ; but, from the large size of a posterior pore and the

very narrow ridge of the anterior interambulacrum, it is probable that there were only

one pair of generative pores.

The anterior interradials have sharp keels, very narrow near the apex ; and the

plates near the ambitus are nodulose. The keel of the lateral interambulacrum is broad

and not very high, and that between the posterior petals is broad and enlarges posteriorly.

The posterior part of this interradial area is truncated, and forms an oval slightly re-

entering surface, high up in which is the large ovoid periproct. Faint traces of a peri-

petalous fasciole exist, which passes far in front over the ambulacrum, and which does

not enter far between the petals. The ornamentation is scanty, and consists of small

flat tubercles in slightly sunken scrobicules surrounded by circlets of miliaries. The

ornamentation is larger and scantier in front and beneath anteriorly. The tubercles are

perforate and crenulated and weathered.

The height of the test is unknown ; the length is 2^- inches, and the breadth on

a level with the apical disk is the same.

80
30-Locality. North-east of Band Vero, in the Eanikot series. Survey-number G f

Illustration of the Species in Plate XX.

Fig. 9. The test, from above : natural size.

Genus SCHIZASTER, Agasdz, 1836.

Test cordiform, more or less inflated, high posteriorly and sloping to the front.

Apical system eccentric posteriorly, often to a considerable degree.

Ambulacra petaloid, unequal, sunken in deep grooves. The anterior pair flexuous,

directed to the front, and not very widely divergent ; the posterior pair very short and

slightly arched proximally. Poriferous zones equal, pores oblong and conjugate. The

odd ambulacrum sunken in a deep wide furrow, of which the margins form keels ; its

poriferous zones are long and composed of numerous pores, which may be disposed in

crowded pairs forming a simple series, or the pores may be so crowded as to form two

irregular series in each zone.
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Peristome eccentric in front, bilabiate, the inferior lip very prominent.

Periproct oval, at the summit of the posterior extremity.

Two fascioles, a peripetalous and a lateral, the latter diverging from near the

extremities of the anterior ambulacra and passing beneath the periproct.

Tubercles perforate, crenulate, small and crowded on the abactinal surface, but

larger beneath the ambitus. The tubercles are not sunken in scrobicules, but are sur-

rounded by a small prominent disk.

1. ScHizASTEE ALVEOLATUS, sp. nov. Plate XX, Figs. 10-14.

There is a crushed specimen of Schizaster in the collection of Echinoidea from the

Eanikot series, which has much of the abactinal surface, flanks, and posterior parts

preserved, and which is deficient in the actinal region. It is of a brown colour ; and the

anterior odd ambulacrum and the left antero-lateral petal are filled with matrix and

more or less fragmentary small spines ; and the crushing has forced the apical end of

the anterior interambulacra downwards and has obliterated the apical system. Actinally,

the broken test is filled with brown matrix with Nummulites in it. At first sight the

form resembles Schizaster Newholdi, d'Archiac & Haime, as delineated in the ' Animaux

Fossiles de I'lnde;' but when compared with the types of that species, which are pre-

served in the Museum of the Geological Society, it will be noticed that there are specific

distinctions, especially in the relative length of the ambulacra and the number of pairs

of pores in them. Moreover the condition of the specimens of S. Newholdi really

prevents them from being of real value. It appears also that one of the three types

thus named is not of the same species, or possibly not of the same genus, as the others.

The general shape is tumid, largest posteriorly, highest just behind the apical

system, sloping gradually in front and rapidly down the truncated posterior portion

to a sharp point of the convex and semi-keeled -plastron. The test has its greatest

breadth slightly behind the apical system.

The apical system is slightly posterior ; its details are invisible. It is small and is

placed on a depressed area between the sharp suddenly-rising anterior keels, the broader

but still higher and less decided narrow ridges of the lateral interradials, and the slightly

narrower and more pronounced keel between the postero-lateral ambulacra.

The anterior groove is large, deep, broad, excavated at the sides, which are high

within the fasciole, flat nearly on its floor; it becomes broader and shallower towards

the margin, which is moderately notched, and the groove persists slightly to the peri-

stome. The pairs of pores are placed partly on the sides of the groove and partly on

the floor—one pore (the outer and larger) being at the junction of the side and floor,

and the inner and smaller obliquely in front of the other and on the floor. Each pair

of pores, of which there are about 15 visible, is separated from its neighbours by a

broad costal elevation, and each pore is separated from its fellow by a broad tubercle.

The ornamentation of the floor of the groove is not seen, except in the form of a few

very minute granules near the apical region.

The antero-lateral ambulacra are deep, slightly sinuous, rounded at the extremity

n2
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which flares outwards slightly, narrowest and shallowest near the apical system.

The sides of the groove are nearly perpendicular in the midst of the petal, and they

slope at the distal and become shallow at the proximal end. The interporiferous zone

is well marked and broad, but it is not as broad as one of the poriferous zones. These

are unequal, the anterior being the longest and curving outwards and slightly backwards

to nearly meet the straighter posterior zone, where the fasciole closes the petal. The

pairs of pores are small and close together near the ocular plate ; and there are about

7 small pairs in the posterior zones, and 10 in the anterior before the considerable

enlargement of the pores commences to be seen. The pairs then increase rapidly in

size, are placed nearly vertically, are wide apart, large, and are separated by broad

costse ornamented with a linear ridge. There are about 26 large and small pairs of

pores in the anterior zone. The angle formed by these ambulacra is rather less

than 90°.

The postero-lateral ambulacra are about half the length of the antero-lateral, are

much narrower, shallower, and form a much smaller angle. They are rather close,

being separated by a keel, are deep, petaliform, rather rounded at the end, and widest at

the junction of the first and second thirds of their length. The interporiferous zone is

moderately broad, but it has not the breadth of one of the poriferous zones ; and these

are on the nearly vertical side of the ambulacra. The pairs of pores are small and

close near the ocular plate, and elsewhere are wide apart and large and separated by a

ridge on a costa with or without granules. There are about 15 large and small pairs

of pores in the poriferous zones.

The interradial areas have the plates well marked, and they are usually gibbose,

so that the vertical lines of suturing are somewhat depressed. The anterior rise as

sharp keels on either side of the odd ambulacrum, and they become narrow and

suddenly slope backwards and downwards in front of the line of the apical system. On
either side, externally, the keel slopes suddenly to the margin of the antero-lateral

ambulacra ; and in front the keels become wider apart, broader, and lower where the

fasciole crosses. Beyond that spot the test swells out on either side, being faintly

notched along the median line. The lateral interradials are narrowed and broadly

keeled near the apex and are tumid. along the plates, where there are globosities.

There is a sharp, convex, rather broad keel between the posterior ambulacra, which

broadens out and becomes lower posteriorly, and it merges into an oval surface more or

less truncated, on the upper part of which is a large ovoid periproct.

The peripetalous fasciole is broad at the terminations of the antero-lateral

ambulacra ; it passes backwards and inwards to a nodule on a plate about halfway

between the end of the ambulacra and the most projecting part of the keel of the

lateral interradium near the apical system. This part is narrow, and becomes small

near the nodule. A small portion of test is between the fasciole and the posterior

poriferous zone. Then the fasciole, diminished in size, reaches the projection on the

keel, and thus is well within the space between the petals. Still narrowing, it reaches

the edge of the posterior ambulacra at their outer third, passes round the end of the
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petal, and crosses directly over the keel to the other side. In front, the broad fasciole

at the end of the antero-lateral ambulacra passes forwards inwards, mounting the flanks

of the keel of the odd ambulacrum to a gibbosity, and becomes narrower just before

reaching this. Thence it passes forwards, widening, and then diminishing to a point on

the top of the keel well forward and in front of the first visible pairs of pores. It crosses

the floor of the groove in an arched form, convexity forwards. The structure is that of

exceedingly minute granules.

The lateral fasciole is very narrow, and starts from the gibbosity posterior to the

antero-lateral petals and about halfway between their ends. It passes obliquely

backwards and downwards, and reaches the margin below the truncation for the peri-

proct. Curving downwards around, it meets its fellow of the opposite side.

The ornamentation is remarkable. It consists at the ambitus on either side of

the anterior groove of a few large tubercles on one side of a nearly circular and some-

what imbricating raised scrobicule. A few miliaries exist on the test, where there

are no scrobicules. Towards the groove and above, the tubercles are closer and

smaller, and they become smaller and closer on the keel and its slopes, the smallest

being near the apical system.

On the flanks of the test in the anterior interradium the tuberculation is larger

than on the keel, and it is comparatively wanting along the sutures and along the

continuation of the petaloid ambulacral plates.

Externally and on the flanks of the test the ornamentation is at first small and

close, and then it gradually increases in size and sparseness. A medium-sized tubercu-

lation, rather close, covers the posterior interradial. The tubercles are rather low and

squat, but they have small mamelons and are perforate and crenulate. In some

places there are circlets of, or irregularly-placed miliaries ; and the scrobicules sometimes

are broken up, as it were, into circlets of miliaries. On the inner slope of the keels

of the anterior interradials the tubercles are rather larger and scarcer than just on the

outer slope ; but they are largest nearest the pores, and become smaller in front.

The length of the specimen is 1^ inch, the breadth is I-^^- inch.

Locality. Gari-wari Gorge, on the road from Badha to Lynyan, in the Kanikot

series. Survey-number G ff^.

Illustrations of the Species in Plate XX.

Fig. 10. The test, from above.

11. The test, from behind.

12. Ornamentation near the ambulacra : magnified.

13. An antero-lateral petal : magnified.

14. The apical system, from a specimen from Kach : magnified. Possibly

closely allied, but not of the same species.

There is considerable resemblance between this form and several species of

ScMzaster. The shape of the details of the upper surface cause it to resemble somewhat
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jS. d' TIrhani (Forbes), of the Barton series of Alum Bay. It has considerable affinities

with S. africanus, de Loriol, from the Nummulitic of Egypt. But the whole of the

test not being accessible, it is impossible to do otherwise than state that the form

belongs to the Schizasters with deep and keeled anterior grooves, deep and sinuous

antero-lateral ambulacra, and small posterior petals and only two generative pores. There

is a ScMzaster from Kach which is allied to this form ; but there are specific distinc-

tions. But as it is probable that the Ranikot species had only two generative pores, we

reproduce, with considerable hesitation, however, the details of the form from Kach.

Genus PRENASTEE, Desor, 1853.

Test tumid, ovoid, regularly founded in front, truncate behind.

Apical system very eccentric in front.

Ambulacra subpetaloid, narrow, almost straight ; the anterior pair widely divergent,

almost transverse, placed in. very faint grooves, open at the extremities. The odd

ambulacrum is scarcely visible, and nearly flush with the surface of the test, there being

no anterior goove.

Peristome bilabiate, inferior lip prominent.

Periproct oval, at the summit of the posterior extremity.

Two fascioles, a peripetalous and a marginal. The peripetalous fasciole is incom-

plete and wanting in front, not extending beyond the point of junction with the mar-

ginal fasciole. This latter completely surrounds the test, dipping far down in front

(sometimes so much as to appear on the actinal surface), and passing posteriorly below

the periproct.

Tubercles are small and inconspicuous, perforate, crenulate, sunken in scro-

bicules.

1. Peenaster ovifoemis, sp. nov. Plate XIX, Figs. 1-6.

The test is subovoid, long, tumid, rounded in front, at the sides, and above, and

truncated behind. It is longer than broad and broader than high, and is highest cen-

trally, and the slope is sharpest anteriorly. Below, the surface is convex.

The apical system is eccentric in front, and the peristome also. The periproct is

close to the top of the posterior truncation, which merges superiorly into a projecting

point.

The apical system is small ; and there are four generative pores, tlie posterior pair

being rather the widest apart. The madreporic disk, in connexion with the right ante-

rior plate, passes backwards, separating the posterior lateral generative plates, also sepa-

rating the ocular plates of the posterior lateral ambulacra in a very slight degree.

The ocular pores are small but distinct, and are at the bottom of minute hollows

in their plates.

There is no anterior groove ; and the very minute series of pores of the odd ambu-
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lacrum are separated by a slight, flat, low ridge, which is narrow close to the apical

system, and enlarges to the ambitus. The ornamentation of this wedge-shaped, trian-

gular, and slightly elevated ridge is smaller than that of the interradials on either side.

On its flanks and looking upwards and outwards are the pairs of pores of each pori-

ferous series. They are very small, oblique, and in slight hollows ; a minute tubercle

intervenes between the pores of each pair, whilst the pairs are separated by a ring of

miliaries.

The pores cease before the position of the fasciole is attained ; and a few are visible

close to the mouth.

The anterior lateral ambulacra are long, slender, narrow, crooked, nearly flush with

the test (so slight is their groove), open at the end, and nearly transverse (so great is their

open angle). Each ambulacrum has a decided curvature, the concavity being directed

forwards in the outer half, and posteriorly near the apical system.

The interporiferous space is very narrow ; and the posterior poriferous zone is slightly

larger than the anterior. The pores in the anterior poriferous zones are smaller than

those of the posterior, are very slightly elongate in outline ; those of the posterior zone

are unequal in size ; the row nearest the interporiferous zone consists of smaller and

circular or faintly oval or elliptical pores, whilst the posterior row contains larger

pores which are elongate ellipses. The pores are conjugate and well separated ; the

cross-banding has a row of miliaries on it. There are about 26 pairs of pores, and

those nearest the apical system are very small in proportion to the others.

The posterior ambulacra, slightly shorter than the antero-lateral, form an acute

angle with each other, are in a slight groove, which is much more decided than that

of the others, are closed at the end, where they are in contact with a fasciole,

and are straight. Narrower than the anterior lateral, the posterior ambulacra have

smaller pores, which are circular, oval, and elongate in outline. At the peristome

the lateral and posterior ambulacra are represented by large wide-apart pores, and they

crowd out the posterior lateral interradial areas 1 and 4 from the margin of the

peristome.

The anterior interradials are rounded off; and there is a faint elevation in the

angle formed by the ambulacra at the apical system ; a rounded low keel is on the

lateral interradials ; and the posterior one has a convex surface above, which is narrowed

near the apical system. Posteriorly, the odd interradial slopes slightly to the rear, and

then is truncated, its direction being nearly vertical ; but there is a slope backwards to

the margin. This part is broad, has a very faint vertical groove below the periproct

;

and this is large, widely open, and nearly circular or elongate in outline.

Actinally, the interradials are convex, and the posterior has a well-developed plas-

tron between the long narrow anterior ambulacra. It has a broad low central keel

reaching from theposterior projecting point forwards to the mouth,where it reaches down-

wards slightly, and forms the base of the hind lip. The plastron has an ornamentation

of very regular hexagonal spaces, bounded by raised margins (the united scrobicular

raised edges), environing a flat areola, on which, nearest one end, is a boss and mamelon,

which is faintly perforate and crenulate.
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The peristome is small, has a very decided f)osterior lip, which is on a lower plane

than the rest, and the opening is broader than long. The grooves of the ambulacra are

tolerably developed there.

The lateral fasciole is narrow, and slopes forwards and downwards on the flanks,

close to the part of greatest bulging, so as to reach the front, below the ambitus, and

about midway between the mouth and the most projecting part of the anterior region

of the test. It crosses over in front of the peristome to become continuous with that

of the other side. Posteriorly this fasciole suddenly dips below the periproct in a down-

ward curve, and passes to the opposite side. It is slightly narrowest posteriorly.

The incomplete peripetalous fasciole crosses the posterior interradial space, with

a faint backward curve on a line with the ends of the posterior ambulacra. It closes

their ends and then passes forwards, then curves suddenly downwards remote from the

antero-lateral ambulacra, to join the lateral fasciole. It is a narrow band, and is of the

same breadth as the hinder part of the lateral fasciole.

Thus the antero-lateral ambulacra are remote from the fascioles.

The test is profusely ornamented with a small tuberculation of diiferent sizes.

The smallest tubercles, situated within a raised margin in which they are sunken, are in

the posterior and postero-lateral interradials above. This kind is also seen below;

but the larger is observed below and especially on the plastron. In front of the

descending part of the peripetalous fasciole, the raised margins are formed by aggre-

gations of miliaries, and a larger and rounder scrobicule results with a well-deve-

loped boss and mamelon. This larger ornamentation is common over the front, except

along the line of the anterior odd ambulacrum, and it is very decided inferiorly and near

the peristome. The posterior ambulacra actinally and at the edge of the plastron have

an ornamentation of circular minute pits.

Remarks. This species presents some resemblance to P. Desori, Cotteau, which is

perhaps its nearest ally ; but it differs from the Pyrenean species by its more elliptical

form and its relatively greater disproportion of length to breadth. The test of the

Sindian specimen is comparatively less high, and the truncation of the posterior extre-

mity slopes downwards and outwards from the dorsal area. The structure of the

antero-lateral ambulacra separates the form from Agassizia.

Length 1 inch, breadth -^^ inch, height xq inch.

Locality. North-east of Petiani, Ranikot series. Survey-number G -fff

•

Illustrations of the Species in Plate XIX.

Fig. 1. View from above : natural size.

2. Actinal surface : natural size.

3. Side view: natural size.

4. Posterior view : natural size.

5. Part of the odd anterior ambulacrum and ornamentation : magnified.

6. Part of an antero-lateral ambulacrum : magnified.
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Genus METALIA, Gray.

1. Metalta Soweebti, d'Archiac, sp,

Brissopsis Sowerbyi, d'Archiac (1850), Hist, des progres de la Oeol. t. iii. p. 251.

Brissopsis (?) Sowerbyi, d'Archiac Sf Haime (1853), Anim.foss. de I'Inde, p. 220, pi. xv. fig. 7 a, b.

A single example of this form, in very bad preservation, occurs amongst the

Ranikot Echinoidea. The condition of the specimen is most unsatisfactory, all

structure and detail having been destroyed by weathering; and we are only able

to determine the species by comparison with a large series of perfectly preserved

specimens from the Khirthar strata, which are identical with MM. d'Archiac and

Haime' s badly-preserved type specimen in the collection of the Geological Society of

London. Further remarks on this species are deferred until the description of the

Khirthar series; but we may, however, mention in conclusion that MM. Desor,

de Loriol, and other writers have been misled, by the incorrect drawing of the form in

the ' Animaux fossiles de I'Inde,' in placing the species under Prenaster.

Locality. North by east of Petiani, west of Kotri, Ranikot series. Survey-

number G f1^.

IV. Bemarks on the Genera and Species in the BaniJcot Series.

There are 41 species and 1 variety in this fauna. The species Ehynchopygus

Caldeyi, d'Archiac, sp., mentioned also, was probably placed accidentally in this series

by the collectors.

The number of species of regular Echini in the series, admitting the distinctness

of those forms which, although they can be differentiated from their congeners, are not

sufficiently well preserved to be defined specifically, is considerable. There are 17

species and one variety. There are two species of true Cidaris and three of Phylla-

canthus {Bhabdocidaris). Moreover an examination of the spines found in the beds

indicates the former presence of Porocidaris. The species of Cidaris from below the

Trap is not represented in the Ranikot beds ; and none of the Cidaridae of these

deposits pass upwards into the Khirthar series.

One species of the genus Salenia^ characterized, however, by the presence of an

optic plate within the anal ring (almost an exceptional condition in the fossil species) is

represented by several specimens*. It has also a peculiarity about the ambulacral

pores. The genus is not represented in the other Nummulitic strata of India.

The Cyphosoma, a common form, has the peculiarity of having the tubercles of the

interradial areas larger than those of the ambulacra. But this is the only exception to

* See optic plates in two species figured by Cotteau, Peron, and Gauthier, Ech. Toss. Alger, fasc. 5.
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the usual generic attributes. Another species, not sufficiently well preserved to be

diagnosed, is normal in respect of the uniform size of the tubercles.

The new genus Acanthechinus is not without alliances with Stirechinus, a Miocene

or Pliocene form from the Sicilian Tertiaries ; and the singular genera Burypneustes and

Molopneustes are unique, although they clearly represent such genera as Micropsis and

Orthopsis, which are common in other Nummulitic faunas. But the generic distinctions

are very evident.

The most interesting forms of the Echinoidea in the collection are those which

must be temporarily classified amongst the Temnopleuridse. The apical system and

ornamentation of the Dictyopleuri separate them from Temnechinus and Temnopleurus.

The ornamentation recalls that of Glyphocyphus and Temnechinus lineatus, Duncan, of

the Australian Cainozoic strata. It greatly resembles that of the forms classified by

d'Archiac and Haime under the genus Temnopleurus, they not being Temnopleuri on

account of the absence of true pits at the angles of their sutures. They have not the

apical system perfect ; and we range them in our genus Dictyopleurus provisionally,

trusting to obtain perfect specimens from higher horizons.

With regard to Arachniopleurus, it has a considerable range in space, as we have

seen specimens collected in Persia and also in Kach. Probably Paradoxechinus of

Laube, from the Australian Cainozoic (Tertiary), links our Bictyopleurus to Arachnio-

pleurus. None of these forms have the true Temnopleurid penetration and undermining

of the test ; in fact, they have greater alliances with Glyphocyphus than with Temno-

pleurus ; but the apical system of Glyphocyphus differs. Neither in the Egyptian nor

European Nummulitic areas have these remarkably ornamented genera been distin-

guished ; and Glyphocyphus belongs to the Upper-Greensand age.

With regard to the form Progonechinus Eocenicus, we have with some hesitation

placed it amongst the Temnopleuridse ; its position in the family depends on the normal

nature of the cavities which exist at the angles of the sutures. The ornamentation is

totally different from any known genus, however.

With regard to the forms usually classified under the genus Conoclypeus by palae-

ontologists, it must be remembered that Zittel ('Handbuch der Palaontologie,' vol. i.

p. 515) has proved that Conoclypeus conoideus, Lamarck, has auricles and jaws, and

that de Loriol has shown (' Echinides de I'Egypte,' p. 76 et seq.) that several other

so called species of Conoclypeus have not jaws. The possession of jaws is generic, and

it is accompanied by an absence of phyllodes, or doubling of the ambulacral pores near

the peristome. On the other hand the absence of jaws and the presence of a phyllode

take the species out of the genus Conoclypeus. Some of the species formerly classified

with the genus Conoclypeus will now, on account of their having a phyllode, small

bourrelets, and no jaws, be placed as a new genus, Phylloclypeus, de Loriol. Others

are species of Hchinolampas according to de Loriol, such, for instance, as Conoclypeus

Osiris, Desor, from Egypt.

The new forms from Sind are readily distinguishable from the Egyptian types
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published by de Loriol, and from those described by d'Archiac and Haime from

Sind.

Conoclypeus declivis is not without its alliances with Conoclypeus subcampanwi-

formis, Bittner, from the Eocene of the Istrio-Dalmatian area.

The portion of a test which shows a phyllode, on Plate XII, Fig. 8, came from a

Conoclypeoid-looking test. But there are evidently additional or intercalated plates

in the ambulacrum ; and the pores penetrate through them, and are not simply in the

line of the sutures. The specimen does not appear to belong to the genus Echinolampas
;

and we introduce it into de Loriol's new genus Phylloclypeus.

Probably Phylloclypeus will eventually be admitted to be a subgenus of EcMno-

lampas. At present we associate it with the Echinolampinse as a subfamily of Cassi-

dulidse.

The genus Plesiolampas has one species in the strata below the Trap, or in the

Cardita-Beawnonti beds (Plesiolampas elongata, nobis) ; and there are five well-marked

species in the Eanikot series. There are none in the higher horizon of the Khirthar

series, nor are any species amongst the collections from Kach. There are no forms

resembling any of the genus in the collections of d'Archiac and Haime, nor, in fact,

in any others.

The numerous specimens in a good state of preservation and of different stages of

growth have enabled us to give the minute details of the test in young and old speci-

mens. There are certainly no jaws, and the phyllode is rudimentary. The inequality

of the length of the poriferous zones is found in the young forms only ; and the peri-

proct becomes more totally inframarginal and longitudinally elongate with age.

The genus does not appear to be represented elsewhere than in Sind and (excepting

the solitary species below the Trap) in the Eanikot series, of which it is charac-

teristic.

MM. d'Archiac and Haime described a Cassidulid under the name of Eurhodia

Calderi, but could give no satisfactory account of its geological horizon. The type in

the collection of the Geological Society of London is not in good condition ; and a

specimen amongst those from the Eanikot group is in a moderately good state of pre-

servation. But the collectors doubted the finding the specimen in situ ; and on referring

to the Khirthar series, which overlies the Eanikot, we find aniongst the specimens

derived from it numerous forms presenting the same kind of colour and mineralization.

The form may or may not belong to the Eanikot series, and we enter it with doubt.

It is a Bhynchopygus, however, and not a Eurhodia. We fail to see that the type of

Eurhodia Calderi in the collection of the Geological Society is a Eurhodia ; it is a

Bhynchopygus.

The Bhynchopygus pygmceus might be at first sight taken for a young B. Calderi

;

but it is not so. It differs from the Egyptian forms described by de Loriol ; and from

its mineralization there is no doubt about its being a true Eanikot form.

A species of Cassidulus is amongst the Eanikot series ; and the specimens show the

o2
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beaxitiful floscelle and the posterior median line of cribriform structure. The posterior

development of the test separates the species from all others of the genus.

The genus Paralampas recalls parts of the generic distinctions ofboth Rhynchopygus

and Catopygus. The forms included within it are very perplexing in a classificatory

sense ; and, much as we regret having to devote a new generic title to them, we do not

consider that they can be associated with any genus of the Cassidulids hitherto de-

scribed. The remarkable peristome and its associated simple floscelle, the shape of the

test, the shape and position of the periproct, the absence of the median pitted line on

the concave actinal surface, the small petaloid ambulacral rosette with equal pores,

and the homogeneous nature of the ornamentation of the actinal tuberculation are very

distinctive.

Another Catopygian alliance is seen in the remarkable forms which are included

in the genus Neocatopygus. The shape of the test, the small ambulacral rosette, tlie

single series of the extrapetalous pores, and the character of the floscelle separate the

genus very well from the Catopygus of Mesozoic age.

It is very remarkable that the only representative of the genus Echinanthus (Brey-

nius) found in the Ranikot series should be a very anomalous one. The shape of the

test, the highest part being eccentric in front, and the dwarfed anterior odd ambulacrum

are very characteristic.

The genus Eolampas has an aborted anterior odd ambulacral petal, an anterior

position of the apical system, and an open peristome with a very faint floscelle. It

occurs also in the Khirthar series, which overlies the Eanikot group of strata. It might

be said to represent the genus Echinolampas in the Eanikot series ; but no true species

of this genus are found therein, although they predominate in the higher groups.

The number of specimens of Eurhodia Morrisi, d'Archiac and Haime, sent to us

renders it probable that it is a very common species. It is characteristic of the Eanikot

series. The magnificent floscelle, the dimensions of the test, and the curious inequality

of the breadth of the poriferous zones of the ambulacra cause the form to be very readily

recognized. For such a large form the small size of the ambulacra is remarkable;

but they are placed well forward. As the specimens now in the possession of the

Geological Survey of India are far more perfect than those which were described by
MM. d'Archiac and Haime, it has been necessary to redescribe the species to a certain

extent.

There is no doubt about the presence of a fine Prenasfer in the Eanikot series.

The antero-lateral ambulacra have both of their poriferous zones developed; so

the form cannot come within the genus Agassizia. The nearest alliance of the form
is with Prenaster Desori, Cotteau ; but there are good specific difierences between
them,

A well-defined species of Hemiaster and a very doubtful one are in the collection.

The shape of Hemiaster elongatus, which is a very common fossil, is remarkable ; and
its structural details separate it from others. The presence of only two generative pores
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situated on mamelons, and the fact that the madreporic body passes backwards and

separates the ocular plates, make the form to look much more modern than the Num-
mulitic.

There are two species of the genus Linthia in the Eanikot series. One is allied to

Linthia Arizensis, d'Archiac, sp., which is found in the Nummulitic of Egypt and

Europe ; but it is well separated from the Linthia found in the strata beneath the Trap,

in the Cardita-Beaumonti beds. The other Linthia is a large form not specifically

distinguishable, on account of the weathering of the specimen. Its nearest ally appears

to be Linthia Lelanouei, de Loriol, from Egypt.

A Schizaster is found in the Eanikot series, the description and identification of

which have given much trouble. The specimen is solitary and is crushed ; but some

parts of the structure remain in great perfection. As it is a very striking form, we

have described it, more for the sake of field-geologists who may take up the study of

the Ranikot series in detail, than for the sake of the advanced palaeontologist. One

of our diflBlculties was produced by the wretched condition of the type of Schizaster

NeiUholdi, D'Archiac and Haime. It is really a worthless species. The form under

consideration has some resemblance to Schizaster Africanus, de Loriol, from Egypt.

Finally, there is an ill-preserved specimen of the genus Metalia. It may be the

Brissopsis Sowerhyi, d'Archiac and Haime.

There is no doubt that this fauna of Echinoidea is a remarkably isolated one.

It has no form that can be satisfactorily and decidedly stated to be identical with any

European or American species. The alliance with the Egyptian Nummulitic Echinoid

fauna is of the slightest description. There are no species common to this fauna and

that of the strata on the same area beneath the Trap which covers the Cardita-

Beaumonti beds, and there are no species common to the Eanikot series and the

Upper Cretaceous beds of Southern India.

Making due allowance for errors in collecting specimens, the community of

species between the Eanikot and overlying Khirthar series is very small, and no form

passes up to the Nari group.

The grouping of the genera of Echinoidea of the Eanikot series is interesting, and

it becomes all the more important in the attempt to define the geological horizon of

this great vertical mass of Nummulite-bearing beds, which, however, are clearly beneath

the main Nummulitic limestone of the superincumbent and unconformable Khirthar

series. In the Eanikot fauna there are 41 species and a variety ; and in the whole of

the Echinoidean fauna from the Nummulitic strata of Egypt de Loriol notices 42

species. In this corresponding number of species none are identical, and the affinities

(of two) are very slight. The generic assemblage of the Eanikot series differs, moreover,

from the Egyptian. It contains a greater number of regular Echini ; and only the

following genera are common to both areas

—

Porocidaris, Conoclypeus, Bhynchopygus,

Eemiaster, Linthia, and Schizaster. The great mass of the characteristic genera of the

Eanikot series are not found in the Egyptian area ; and, vice versa, the important genera
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of the Egyptian Nummulitic are not found in the Kanikot series, or are sparsely repre-

sented in species.

Thus the genera Salenia, CypTiosoma, Acanthechinus, the Teranopleuridae, the genera

Euri/pneustes and JEolopneustes, Phylloclypeus, Plesiolampas, JEcUnantJius, Eolampas,

Paralampas, Cassidulus, Eurhodia, Neocatopygus, Prenaster, and Metalia (in all 18

genera of the Ranikot series out of its -26 genera) are not found in Egypt.

The Egyptian fauna is rich in species of Echinolampas and Macropneusfes, Hemi-

spatangus and Euspatangus. It contains the well-known genera ConocJypeus, Ambly-

pygus, Orthopsis, Micropsis, Sismondia, and Echinocyamus ; and there is a fine group

of Schizasters and Linthias. There are two Linthias in the Ranikot series and a

Schizaster ; but all the above-mentioned genera are absent.

The generic distribution in the two areas, although plainly Eocenic, is very different.

The absence of the genera Echinolampas and Amblypygus in the Ranikot series is very

suggestive, especially as they appear in the succeeding Khirthar group.

The position of the Egyptian beds, or the Mokattam series, which have yielded the

Echinoidea is stated by de Loriol to be on the horizon of San Giovanni Ilarione in

the Vicentin, and of the Eocene of the Canton de Schwytz. These are the equivalents

of the Calcaire grossier of Paris. But the succession of beds in Egypt appears to be,

from the results of the works of Fraas, Zittel, d'Archiac, and Delanoue as follows :

—

On the top, beds with Ostrea flabellwla, and below it the shale containing the Echi-

noidea described by de Loriol. Still lower are beds with Atruria ziczac, and of the

age of the London Clay. Zittel has discovered under the Mokattam series, which he

considers Lower Nummulitic, a series which he calls the Libyan ; and it includes the

Atruria-ziczac horizon. It rests on Cretaceous sandstones.

Are the Ranikot beds of the same geological age as the Mokattam series, or do they

belong to Zittel's inferior stage, which would seem to range through the age from the

Chalk to the London Clay inclusive ? The homotaxis of the genera of the Ranikot

series is not that of the Mokattam age ; and this last has greater affinities, so far as its

distribution of genera is concerned, with the Khirthar strata above the Ranikot series.

The Fossil Corals of the Ranikot series were shown to belong to 50 species

(' Fossil Corals and Alcyonaria of Western Sind,' Palaeont. Indica, series xiv. p. 38),

and that only 7 of these were identical with European species from the zones of

Nummulites planulatus and CeritMum giganteum. It is a remarkable fact that the

Nummulitic Echini of Kach have greater affinities with the Egyptian fauna than with

that of Ranikot, and the genus Echinolampas predominates with Macropneustes.

Laube and Dames have given the data for comparing the fauna of Echinoidea of

the Vicentin Eocene. In the lowest deposits of Monte Postale and Monte Spilecco there

are two genera, Cyclaster and Ccelopleurus, and also Echinolampas, which are not found

in the Ranikot, but which are in abundance in higher ho^rizons in Sind. At San Giovanni

Ilarione there are the genera Cidaris, Porocidaris, Cyphosoma, Pyrina, Echinocyamus,

Amblypygus, Nucleolites, Pygorhynchus, Bariona, Echinolampas, Oviclypeus, Conoolypeus,
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Cyclaster, lAnthia, Schizaster, Pericosmus, Prenaster, Metalia, Gualteria, Peripneustes,

and Euspatangus.

Bittner described some of the Echinoidea of the older tertiaries of Vicenza and

Verona in 1880-1881 *, and mentions the genera Cidaris {Leiocidaris), Leiopedina,

Ceratomus, Cassidulus, Echinanthus, Pygorhynchus, Ilariona, EcMnolampas, Conochj-

peus, Hemiaster, lAnthia, Schizaster, Pericosmus, Prenaster, Parahrissus, Toocobrissus,

Peripneustes, Lovenia.

The Eocene strata of Istria and Dalmatia have had their Echinoid fauna studied and

admirably described and illustrated by Taramelli and Bi tt n erf . The fauna is tabulated

by Bittner, who finds the following genera represented :

—

Cidaris (Leiocidaris), Poro-

cidaris, Pseudodiadema, Ccelopleurus, Cyphosoma, Micropsis, Echinocyamus, Caratomus,

Amblypygus, Nucleolites, Echinanthus, Pygorhynchus, EcMnolampas, Conoclypeus,

Cyclaster, Hemiaster, lAnthia, Schizaster, Pericosmus, Prenaster, Qualteria, Macro-

pneustes, Peripneustes, Euspatangus.

The principal genera, or those affording the greatest number of species, are Cidaris,

Echinanthus, EcMnolampas, lAnthia, and Schizaster. There are no less than twelve

species of EcMnolampas. This does not resemble the Ranikot fauna.

The Etage Montien (the inferior Eocene of Belgium) contains two species of Cidaris,

Goniopygus minor, Cassidulus elongatus, Echinanthus Corneti, and lAnthia Houzeaui.

Above this horizon, in the Landenian, come Holaster, Hemiaster, and Schizaster, with

Ostrea hellovacina, and still higher, in the Ypresien superieur, with Turbinolia sulcata

and Nummulites planulatus, the genera Maretia, Schizaster, Scutellina, and Cidaris.

In the higher horizon with Nummulites laevigata, the genus EcMnolampas comes in,

with Echinocyamus, Lenita, and Spatangus.

In the London Clay the genera are Cidaris, Echinus, Echinopsis, Coelopleurus,

Spatangus, Hemiaster, Euspatangus, and Schizaster.

It is hopeless, after studying these details, to give the Ranikot series any definite

equivalency. The indefinite Cretaceous facies of part of the Ranikot and sub-Trap

faunas, and the absence of very distinctive Lower Eocene genera of European or African

types in them, would seem to place the series lower than the Mokattam group and the

fossiliferous Eocenes of Kach. At the same time the evidence given by the corals indi-

cates a moderate alliance with the fauna of the lowest Nummulitic age of Europe and

a possibly greater antiquity. It must be remembered that the Ranikot series is beneath

the great development of Nummulitic limestone which occurs in the superincumbent

and unconformable Khirthar series. It appears that there is some alliance between

the Ranikot series of Echinoidea and those from the Cainozoic (Miocene ]) of Australia

(Duncan, Quart. Journ.. Geol. Soc. vol. xxxiii. p. 42) ; but it is of the slightest description.

There is little to be said regarding the affinities of the Echinoidea of the Arrialoor or

* Beitrage zur Pal. von Oesterreich-Ungarn (Wien, 1881), Bd. i. Heft 2.

t Taramelli, ' Atti del Eeale Istituto Veneto,' 1873-74, t. iii. ser. 4, p. 951 ; Bittner, ' Beitrage zar Pal.

von Oesterreich-Ungarn' (Wien, 1880;, Bd. i. Heft 1.
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Upper Chalk of the south of Hindostan and those of the deposits above the Cretaceous

in Sind. Yet there is a slight Cretaceous facies in the Eanikot Echinoid fauna ; but

the palseontological break is still vast. From our present knowledge, then, the Eanikot

series is the lowest in the Nummulitic group, and its fauna is a very special one. The

series is older than the Kach, Egyptian, and Southern Alpine groups of Echinoid-

bearing strata ; and these are more on the horizon of the succeeding Khirthar series.

Position of the Fossil Echinoidea.

The species which were described in the first part of this Monograph, pages 7-20,

were collected in strata containing Cardita Beaumonti and the Corals described in the

' Palseontologia Indica,' ser. xiv. 1880.

A trap covers the Cardita-Bemmonti strata; and hence the specimens have been

occasionally stated to have come " from beneath the Trap." But it appears that a second

trap (and possibly a third) exists in relation to these strata (see ' Memoirs of the

Geological Survey of India,' vol. xvii. pt. 1, " The Geology of Western Sind," by

W. T. Blanford, F.E.S., pages 129-134).

The fact that a great depth of strata, not of marine origin, overlies the Cardita-

Beaumonti series, which in turn are overlain by the fossiliferous strata of the Eanikot

series, suffices to distinguish the age and position of the two sets of Echinoidea.

JEINTUD BY XATLOK USD FEANCIS, EED LION COITKT, FLEET STKEET,



A DESCRIPTION

OF THE

FOSSIL EOHINOIDEA

OF

WESTERN SIND.

Fasciculus 3.—THE KHIETHAE SEKIES.

I. Introductory Memarks on the Khirthar Series.

The Khirthar series of strata take their name from the great frontier range of hills

which extends along the western boundary of the province of Sind as far south as

lat. 26° 15', and of which they form the crest throughout, as well as all the higher

portions of the Laki range, of the Bhit and Badhra ranges south-west of Manchhar

Lake, and of several smaller ridges*. This formation represents an aggregate thickness

of about 9000 feet, the upper 3000 feet of which are a compact massive Nummulitic

limestone, the underlying portion consisting of shales and sandstones. The lower

beds are unfossiliferous, and pass without stratigraphical unconformity into the under-

lying Ranikot series. In like manner the Nari series of strata rest conformably upon

the Khirthar.

The character and relative position of the Khirthar deposits have been briefly

referred to in the Introductory part of Fasciculus 1 of this work, and diagrammatic

sections showing the superposition of strata are given on page 6. The following

extracts from the valuable memoir by Mr. W. T. Blanford, F.R.S.f, will be of interest

to the student of the fossil remains obtained from these strata, which form the subject

of the present Fasciculus.

" The colour " of the massive limestone " is usually pale, either white or grey,

* Memoirs Geol. Surv. India, vol. xvii. p. 45.

t Geology of Western Sind (Mem. Geol. Surv. India, vol. xvii.).
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sometimes, but less frequently, dark grey ; the texture varies from hard, close, and

homogeneous, breaking with a conchoidal fracture, to soft, coarse, and open. Ordi-

narily, the Nummulitic limestone is tolerably compact but not crystalline, and chiefly

composed of Foraminifera, especially Nummulites, which are fragmentary ; corals, sea-

urchins, and molluscs also abound, but the two latter very frequently only weather

out as casts.

" Throughout Northern Sind, except near Rohri, no beds are seen beneath the-

Khirthar limestone, and the rocks which crop out west of the Sind frontier from

beneath the main limestone-band have already been described. The remarkable range

of low hills surrounded by Indus alluvium, and extending for more than forty miles

south from Rohri, consists of Numjnulitic limestone, having a low dip to the westward
;

and beneath the limestone forming the eastern scarp of the hills, on the edge of the

alluvial plain, a considerable thickness of pale-green gypseous clays is exposed, with a

few bands of impure dark limestone and calcareous shale. No Foraminifera have been

found in these clays, -although Nummulites abound in the limestone immediately over-

lying ; several species of Mollusca occur, but none are characteristic; and it is far from

clear whether the green clays and their associates are merely thick bands intercalated

in the limestone, or whether they belong to a lower group. Probably these argillaceous

beds of the Rohri hills represent some of the marls, shales, and clays forming the

lower portion of the upper Khirthar group on the Gaj river.

" The Nummulitic limestone of the Rohri hills is softer and whiter than that of

the Khirthar range, a difference doubtless due to the much smaller amount of distur-

bance that the rocks have undergone in the former instance. A somewhat similar but

greater difference has been shown to exist between the Nummulitic limestone of the

Salt Range and that of the Himalayas in the Punjab.

" In some places west of Kotri, a band of argillaceous and ferruginous rock is

found close to the base of the Khirthar group. This rock weathers into laterite ; it is

mainly composed of brown haematite, and appears to be found over a considerable area

near Kotri and Jhirak. It is impossible to avoid suggesting its identity with the

ferruginous lateritic bed found in a similar position in Guzerat, Cutch, the Salt Range,

and the Sub-Himalayan region.

" In the Laki range the Nummulitic limestone rests unconformably on the Ranikot

group. The Khirthar group here cannot be more than 500 or 600 feet thick, and

consists entirely of limestone. To the south-east, towards Kotri and Tatta, there is no

unconformity between the Ranikot and Khirthar groups, but, on the contraiy, there is

an almost complete passage between the two, and the limestone of the latter becomes

much split up and intercalated with shales and sandy beds. This is even more the

case further to the south-east in Cutch, where the whole group consists of comparatively

thin beds of limestone, interstratified with shales. To the south-west, near the Habb
river, the massive limestone dies out altogether ; and although it is well developed in

the southernmost extremity of the Khirthar range, near Karchat, about 50 miles south

of Sehwan, it disappears within a distance of 25 miles, and in the ranges on the Habb
river is entirely replaced by shaly limestone, shales, and thin beds of sandstone. Some
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rather massive beds of Nummulitiferous dark-grey limestone, very diflferent in character

from the pale-coloured Khirthar limestone, are found west of the Habb, but their

precise position in the series is not known ; and the rocks appearing from beneath the

Nari group, in the place of the Khirthar limestone, consist of shales and sandstones,

with some calcareous bands abounding in Nummulites, and closely resembling, both in

character and in the species of Foraminifera they contain, the Nummulitic shales

beneath the massive limestone on the Gaj river. It is not known to what extent the

typical Khirthar limestone is developed in Baluchistan; around Kelat, to the north-

ward, this band appears to be extensively exposed, but to the westward, near Gwadar,

the rocks supposed to represent the older Tertiary beds consist of an immense thickness

of shales, shaly sandstones, and unfossiliferous calcareous bands, resembling the lower

Khirthars of the Gaj and the beds of the Habb valley, and limestones with Nummulites

are of frequent and local occurrence. It is thus evident that the Khirthar limestone,

although it is so conspicuous in most parts of Sind, and although it attains a consider-

able thickness, is not by any means universally distributed."

The character of the organic remains of the Khirthar series is unquestionably

Eocene, and the various faunae are distinctly comparable with those homotaxially

related to them in other parts of the world. Foraminifera are richly represented, and

Mollusca are numerous. Out of 17 species of Foraminifera mentioned in Mr. Fedden's

list*, 4 species pass down into the Eanikot series, the remainder being peculiar to the

Khirthar, and none pass up into the Nari.

Out of 43 species of Mollusca t (omitting those whose determination was doubtful),

14 species pass down into the Ranikot, 2 of these extending into the transition beds ;

3 species pass up into the Nari, these three being also amongst those Khirthar forms

which are found in the Eanikot ; and 1 species passes up into the Ga^ which has not

yet been found in the Nari.

The Coral faunaJ is represented by a comparatively limited number of forms.

Out of 16 species accredited to this formation, 10 are from beds so high in the series

that it is uncertain whether they may not belong to the more recent Nari series. Of

the remaining 6 species, 2 are identical with fossil forms from European strata.

The Echinoderm fauna is rich both in number of species and of individuals.

70 species and varieties of Echinoidea are noticed in the following pages. The cha-

racter of the Echinoidean fauna of the Khirthar series is, like that of the Eanikot series,

remarkably isolated. 63 species and varieties belong unquestionably to these strata

exclusively—that is to say, they have not yet been found in other geological horizons.

Four of the remaining 7 species are characteristic Khirthar forms, but were included in

the collection of Echinoids from the Eanikot series, to which formation they were also

ascribed. That the specimens in question really belonged to the Eanikot age is

very doubtful; and in a future page we shall discuss the evidence upon which we
consider it highly probable that they were derived from Khirthar beds. Three other

species, of which only single and fragmentary specimens are included in the collection,

* Memoirs Geol. Surv. India, vol. xvii. p. 197 et seq. f Op. eit. p. 201.

J P. Martin Duncan, « Fossil Corals of Sind," Pal. Ind. ser. xiv. (1880).

P 2
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have evidently, from the nature of their matrix, been assigned by accident to the

Khirthar formation ; they are also characteristic fossils in Jiigher beds. None of the

Khirthar forms have as yet been found in the Nari series.

The relations of the Khirthar Echinoidea with those from other homotaxial areas

are representative but not identical : the general facies of the fauna and its peculiarities

will be remarked on in the sequel.

Owing to the nature of the matrix and the accidents and difficulties of exposure,

the Khirthar fossils are not preserved in such beauty and perfection as is frequently

the case in Tertiary specimens from higher beds. Many are more or less broken or

obscured by matrix, and in some instances out of a dozen examples none are absolutely

perfect. These circumstances have obviously increased the difficulties of determination.

Out of the 70 species and varieties mentioned in this Fasciculus, there are 10 forms to

which we have refrained from assigning, on the above grounds, any specific name. In

most cases they are isolated specimens, and all that can be said definitely about them

is, that they diff'er from the other forms recorded. Their state of preservation is such

as to render a useful description impossible ; and we have consequently considered that

the interests of science are best served by simply placing their occurrence on record

until better material is available. Wherever practicable, a drawing of the specimen

has been given, for the assistance of the labours of the Geological Survey.

II. List of the Fossil Hchinoideafrom the Khirthar Series.

Order ECHINOIDEA ENDOCTCLICA.

Family CIDARIDJE.

Genus Cidaeis, Klein, 1734.

Subgenus LEiocroAEis, Desor, 1854.

Leiocidaris canaliculata, Duncan Sf Sladen : p. 109.

Genus Pobocidaeis, Desor, 1854.

Porocidaris anomala, Duncan Sf Sladen : p. 113.

Family GLYPHOSTOMATA.

Subfamily DiABEMATiDiB.

Genus Oiphosoma, Agassiz, 1840.

Cyphosoma macrostoma, Duncan Sf Sladen : p. 116.

undatum, Duncan ^ Sladen : p. 117.

Genus Miceopsis, Cotteau, 1856.

Micropsia Tenustula, Duncan Sf Sladen; p. 119.

Subfamily TEMNOPiErEiBiB.

Genu^ Temnechintjs, Forbes, 1852.

* Temneehinus Eousseaui, d'Archiac, sp. : p. 122.

* A single example, evidently included accidentally in the Khirthar Collection. It came from a much

higher horizon.
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Order ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family GONOCLTPEID^.

Germs CoNOCLYPErs, Agassiz, 1840.

Conoclypeus alveolatus, Duncan S{ Sladen : p. 124.

pinguis, Duncan Sf Sladsn : p. 126.

rostratus, Duncan <Sf Sladen : p. 128.

galerus, Duncan Sf Sladen : p. 129.

Family GLTPEASTETDM

Subfamily ErCLYPEASTBiDjE.

Gemis EcHiNOCTAMtrs, van Phelsum, 1774.

Echinocyamus nummuliticus, Duncan Sf Sladen : p. 132.

, var. obesus : p. 134.

, var. oviformis : p. 135.

, var. planus : p. 135.

rotundus, Duncan 6[ Sladen : p. 135.

Genus SiSMOlTDiA, Desor, 1857.

Sismondia polymorpha, Duncan Sf Sladen : p. 137.

Suborder ATELOSTOMATA.

Family CASSIDULIDJE.

Subfamily EQHiiroirEiif.s.

Genus Ambltptgtjs, Agassiz, 1840.

Amblypygus subrotundus, Duncan Sf Sladen : p. 140.

, var. conicus : p. 142.

patellsBformis, Duncan Sc Sladen : p. 144.

tumidus, Duncan Sf Sladen : p. 146.

latus, Duncan Sf Sladen : p. 148.

Subfamily Echinolampik^.

Genus Eolampas, Duncan df Sladen, 1882.

Eolampas excentricus, Duncan Sf Sladen : p. 150.

Genus Echinolampas, Gray, 1825.

Echinolampas rotunda, Duncan ^ Sladen : p. 152.

subconica, Duncan Sj Sladen : p. 155.

obesa, Duncan Sf Sladen: p. 157.

Sindensis, d'Archiac : p. 159.

, var. hemisphaerica, Duncan ^ Sladen : p. 163.

angustifolia, Duncan ^ Sladen: p. 164.

nummulitiea, Duncan £f Sladen : p. 167.
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Echinolampas juvenilis, Duncan Sf Bladen : p. 170.

lepadiformis, Duncan Sf Sladen: p. 172.

sequivoca, Duncan d/- Sladen: p. 173.

sp. (junior) : p. 174.-

sp. : p. 176.

Subfamily /EcniNA.NXB.iNM. >

Genus EcHiNANTHrs, Breynius, 1732.

Echinanthus intermedius, Duwian Sf Sladen : p. 177.

Genus Ilaeiokta, Dames, 1877.

Ilarionia Sindensis, Duncan Sf Sladen : p. 179.

Genus Oassiditltts, Lamarcle, 1801-

Cassidulus subinvaginatus, Duncan ^ Sladen : p. 182.

Genus Ehxnchoptgus, D'Orhigny, 1855.

Ehynchopygus Calderi, d'ArcMac Sf Haime, sp. : p. 184.

pygmssus, Duncan Sf Sladen : p. 187.

Family SPATANGIDJE.

Subfamily Spatangin^.

Genus MicEASTEE, Agassiz, 1836.

Micraster tumidus, Duncan Sf Sladen : p. 189.

Genus Hemiastee, Desor, 1847.

Hemiaster apicalis, Duncan Sf Sladen : p. 193.

nobilis, Duncan Sf Sladen : p. 196.

carlnatus, Duncan Sf Sladen : p. 198.

digonus, d'Archiac : p. 200.

sp. : p. 201.

sp. : p. 201.

sp. : p. 202.

Genu^ Beissopsis, Agassiz, 1840.

Brissopsis sufflatus, Duncan Sf Sladen : p. 203.

Genus Metaiia, Gray, 1855.

Metalia Sowerbyi, d'ArcMac, sp : p. 206.

scutiformis, d'ArcMac, sp. : p. 209.

, var. rotunda, Duncan Sf Sladen : p. 211.

depressa, Duncan Sf Sladen : p. 211.

agariciformis, Duncan ^ Sladen : p. 213.

sp. : p. 215.

sp. : p. 216.

Genus Linthia, Merian, 1853.

Linthia orientalis, Duncan Sf Sladen : p. 217.
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Qenus Schizastee, Agassiz, 1836.

Schizaster symmetricus, Duncan ^ Sladen : p. 220.

simulans, Duncan ^ Sladen : p. 223.

Baluchistanensis, d'Archiac Sf Saime : p. 224.

Bp. : p. 224.

Genus Moiea, A. Agassiz, 1872.

* Moira primaeva, Duncan Sf Sladen : p. 225.

Oenus Beissopata&tts, Cotteau, 1863.

Brissopatagus Sindensis, Duncan ^- Sladen : p. 226.

Gemis Beeyota, Desor, 1847.

* Breynia carinata, d'Archiac Sf Haime : p. 229.

Oenus Maceopseustes, Agassiz, 1847.

Macropneustes speciosus, Duncan Sf Sladen : p. 229.

rotundus, Duncan Sf Sladen : p. 232.

Oenus Pbeipneustbs, Cotteau, 1875.

Peripneustes sp. : p. 234.

Genus BtrsPATAiTQirs, Agassiz, 1847.

Euspatangus avellana, d'Archiac Sf Haime : p. 235.

cordiformia, Duncan Sf Sladen : p. 238.

rostratus, d'Archiac : p. 240.

Qenus indet. (probably new ; and to be classed with the BriesinsB).

?...?...: p. 241.

Summary of Species of Fossil EcMnoidea from the Khirthar Series in Sind,

1. Leiocidaris canaliculata, Duncan Sf Sladen : p. 109.

2. Porocidaris anomala, Duncan Sf Sladen : p. 113.

3. Cyphosoma macrostoma, Duncan Sf Sladen : p. 116.

4. undatum, Duncan Sf Sladen : p. 117.

5. Micropsia venustula, Duncan Sf Sladen : p. 119.

6. Temnechinus Eousseaui, d'Archiac, sp. : p. 122.

7. Conoolypeus alveolatus, Duncan Sf Sladen : p. 124.

8. pinguis, Duncan Sf Sladen : p. 126.

9. rostratus, Duncan Sf Sladen : p. 128.

10. galerus, Duncan Sf Sladen : p. 129.

11. Echinocyamus nummuliticua, Duncan Sf Sladen: p. 132.

12.
, var. obesua, Duncan Sf Sladen : p. 134.

13. , var. oviformis, Duncan Sf Sladen : p. 135.

14. , var. planus, Duncan Sf Sladen : p. 135.

15. rotundus, Duncan Sf Sladen : p. 135.

16. Sismondia polymorpha, Duncan Sf Sladen : p. 137.

17. Amblypygus subrotundus, Duncan Sf Sladen: p. 140.

18. , var. conicus, Duncan Sf Sladen : p. 142.

19. patellseformis, Duncan Sf Sladen : p. 144.

* A single example, evidently included accidentally in the Khirthar Collection.
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20. Amblypygus tumidus, Duncan if Sladen : p. 146.

21. latus, Duncan Sf Sladen : p. 148.

22. Eolampas exoentrious, Duncan S[ Sladen : p. 150.

23. Echinolampas rotunda, Duncan ^ Sladen : p. 152.

24. Bubconica, Duncan Sf Sladen : p. 155.

25. obesa, Duncan Sf Sladen : p. 157.

26. Bindensis, d'Archiac : p. 159.

27. , var. hemisphserica, Duncan Sf Sladen : p. 163.

28. angustifolia, Duncan 6[ Sladen: p. 164.

29. nummulitica, Duncan ^ Sladen : p. 167.

30. —— juvenilis, Duncan Sf Sladen : p. 170.

31. lepadiformis, Duncan S[ Sladen : p. 172.

32. sequivoca, Duncan Sf Sladen : p. 173.

33. sp. (junior): p. 174.

34. sp. : p. 176.

35. Echinanthus intermedius, Duncan 6r Sladen : p. 177.

36. Ilarionia Sindensis, Duncan ^ Sladen : p. 179.

37. Cassidulus subinvaginatus, Duncan Sf Sladen : p. 182.

38. Ehyncbopygus Calderi, d'Archiac Sf Haime, sp. : p. 184.

39. pygmaeus, Duncan ^ Sladen : p. 187.

40. Mioraster tumidus, Duncan Sf Sladen : p. 189.

41. Hemiaster apicalis, Duncan S( Sladen: p. 193.

42. nobilis, Duncan Sf Sladen : p. 196.

43. carinatus, Duncan Sf Sladen: p. 198.

44. —^ digonus, d'Archiac : p. 200.

45.— sp. : p. 201.

46. sp. : p. 201.

47. sp. : p. 202.

48. Brissopsis sufflatus, Duncan 6f Sladen : p. 203.

49. Metalia Sowerbyi, d'Archiac, sp. : p. 206.

50. scutiformis, d'Archiac, sp. : p. 209.

51. , var. rotunda, Duncan ^ Sladen : p. 211.

52. depressa, Duncan if Sladen : p. 211.

53. agarioiformis, Duncan S( Sladen : p. 213.

54. sp. : p. 215.

55.— sp. : p. 216.

56. Linthia orientalis, Duncan df Sladen : p. 217.

57. Scbizaster symmetricus, Duncan Sf Sladen : p. 220.

58. —— simulans, Duncan Sf Sladen : p. 223.

59. Baluchistanensis, d'Archiac Sf Haime : p. 224.

60. sp. : p. 224.

61. Moira primEeva, Duncan Sf Sladen: p. 225.

62. Brissopatagus Sindensis, Duncan Sf Sladen : p. 226.

63. Breynia oarinata, d'AreJiiac df Haime : p. 229.

64. Macropneustes speciosus, Duncan dr Sladen : p. 229.

65. —— rotundus, Duncan ^ Sladen : p. 232.

66. Peripneustes sp. : p. 234.

67. Euspatangus aveUana, d'Archiac Sf Haime : p. 235.

68. cordiformis, Duncan 4r Sladen : p. 238.

69. rostratus, d'Archiac : p. 240.

70. ? ? (? new genus, allied to Brissinae): p. 241.
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III. Description of the Fossil Uchinoideafrom the Khirthar Series of Strata

in Western Sind.

Order -E OKI'S OlD'ElA ENDOCYCLICA.

Family CIDARID^.

Genus CIDAEIS, Klein, 1734.

(See anted, p. 7, Part i.)

Subgenus LEIOCIDARIS, Besor, 1854.

The subgenus Leiocidaris is characterized from the true Cidaris by the conjugate

pores, and distinguished from Phyllacanthus, Brandt {=Bhahdocidaris, Desor) by the

smooth and non-crenulate tubercles. The form of the spines is also very different in

the last-named group of species. The character of the ambulacral area is evidently

one of morphological importance, v^hilst the distinction based on the tubercles and the

spines vi'ould seem, from the known variability of these parts in Cidaridce, to be more

doubtful. In his recent vcork on the Eocene Echinoidea from Egypt and the Libyan

Desert*, P. de Loriol maintains the genus Rhabdocidaris of Desor, and includes

therein (1) the species of Rhabdocidaris sensu stricto, (2) the species of Rhabdocidaris

with non-crenulated tubercles, (3) the species of Leiocidaris of Desor and Dames
amended, (4) the recent species of Phyllacanthus of A. Agassiz, and (5) the genus

Stephanocidaris of A. Agassiz. Although we place the greatest importance upon every

opinion expressed by our learned contemporary, we still consider that Brandt's genus

merits recognition ; and although we are far from insisting that the characters upon

which Leiocidaris is separated from Phyllacanthus (=Rhabdocidaris) are of any great

value, we regard the grouping above proposed as somewhat too sweeping in the present

state of our knowledge ; we therefore retain provisionally the subgenus Leiocidaris

rather as a useful centre around which a number of species may be grouped, than as

an expression of our opinion upon the morphological importance of the test-characters

upon which the division is based.

1. Leiocidakis cakaliculata, Duncan & Sladen. Plate XXI, Figs. 1-9.

Form circular, subglobular, rather high, the height being nearly three fourths of

the breadth (or, taking the mean of three specimens, is as 0*7 : 1 approximately).

Test very slightly depressed on the abactinal surface, moderately inflated at the ambitus,

the contraction of the test being greater below that line than above.

Ambulacra very slightly flexuous, rather broad, contracting towards the apex, and

also, but in a less degree, towards the peristome. Poriferous zones deeply sunken, as

broad as the whole interporiferous area. Pores transversely elliptical, wide apart,

* Palseontographica, N. F. x. 1 (xxx.).
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the pores of a pair united by a faint but distinct groove, which is further emphasized

by the presence of a thin elevated ridge separating the neighbouring pairs. The outer

pores are more elongate or pyriform than the inner ones; and there are 14 or 15

pairs of pores opposite to one of the largest interambulacral plates at the ambitus.

The interporiferous areas are narrow, and are furnished with two rows of minute mam-

millated miliary tubercles, placed at the extreme margins of the area, the space between

being occupied by very minute miliary granules, regularly arranged, there being at

the ambitus, in full-sized specimens, six granules on each plate, placed in two horizontal

rows of three accompanying and on the inner side of each of the mammillated granules

above mentioned. Towards the extremities of the area the interior series of granules

diminish in number, until at the very apex not more than one or two stand between

the outer marginal series, which latter are continuous from apex to peristome.

Similarly in small-sized specimens there may not be more than four of the interior

granules on each plate even at the ambitus, and midway between that and the

extremities not more than two ; the idea of two horizontal lines accompanying each

mammillated ambulacral granule being maintained all through, even towards the apex,

by the elongation of the granules transversely.

The interambulacral areas are rather more than four times the width of the

ambulacra at their widest part, and there are two rows of seven or eight primary

tubercles in each interambulacrum. The primary tubercles are of small elevation,

perforate, and not crenulate ; and their mamelons are comparatively large, having the

edge bevelled rather than rounded. The scrobicules are wide, circular, and extend

close up to the edge of the plate bordering on the poriferous zone. The scrobicular

ring is complete, composed of 16 or 17 moderately developed, mammillated granules,

and touches the edge of the plate which borders on the poriferous zone, as well as the

actinal and abactinal margins of the plate. There are in consequence on the poriferous

side of the plate only a few small miliary granules occupying the upper and the lower

corners of the plates. The miliary zone, on the other hand, is remarkably wide, and

is slightly impressed along the zigzag median suture ; it is occupied by a fine, uniform,

miliary granulation, regularly arranged in transverse parallel lines, which extend in

gentle curves across the plate, and are continued in uninterrupted series from one

plate on to the adjacent plate of the neighbouring column. Slight superficial furrows

run between every two or three lines of granules, thus marking ofi" the miliary zone

into gently curved bands of granules, which extend from the scrobicular ring of one

tubercle to that of the two neighbouring scrobicules in the companion column, the

extremities of each band being closed by one of the mammillated granules of the

scrobicular ring.

Peristome subcircular, small, 13 millim. in diameter in a specimen 35 millim. in

diameter at the ambitus, and 13*5 millim. in another of 37 millim. at the ambitus.

Apical disk subpentagonal and rather larger than the peristome. Details of the

apical system unknown. On one of the fragments of this Cidarid a portion of a spine

is attached, of which a drawing is given in fig. 7 ; it is altogether unlike any of the

spines we have received from the Eanikot series.
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EemdrJcs. At first sight this species might be regarded as nearly related to the

Cid. Verneuili of d'A r ch i a c & H a im e, as figured in the An. foss. de I'lnde. A careful

study of the description of that form and of the type preserved in the Museum of the

Geological Society at once dispels such an opinion ; indeed they appear to resemble

one another in little else than the great breadth of the miliary zone, the lineal arrange-

ment of the granulation borne upon it, and the absence of granulation between the

scrobicular ring and the poriferous zone. L. (C.) canaliculota difiers from C. Verneuili

in the greater height of the test, the total diff"erence of the contour of the profile, the

character and ornamentation of the ambulacra, the relative size of the peristome, and

the character of the ornamentation of the miliary zone. Furthermore it is especially

mentioned in the description of C. Verneuili, that the pairs of the ambulacral pores are

separated, by a granule, whilst in the form under notice they are widely spaced and

united by a furrow. The ornamentation of the miliary zone of C. Verneuili has simply

a single row of granules in each band, whilst two, three, or even more are the normal

number in our present form.

Although the condition of preservation of the type in London leads to the

inference that the diagnosis must probably have been written from a more perfectly

preserved specimen, the conclusions as to tlie distinctness of L. (C.) canaliculata are in

no way invalidated.

The above considerations were carefully balanced when describing the fossils of

the Eanikot series, and our retention of d'Archiac and Haime's name of Verneuili

for the Cidarid plates there found was dictated more by a wish to preserve the nomen-

clature of our learned predecessors and by a repugnance to add one single unnecessary

name to an already overburdened synonymy, than from any positive conviction that the

fragments in question were really identical with the badly preserved type at the

Geological Society. The condition of that specimen is so unsatisfactory that a definite

conclusion is impossible.

Young Form. A small specimen, 10 millim. in diameter and 6 millim, in height,

obtained from the same beds as some of the typical examples of Leiocidaris canaliculata,

we refer provisionally to the same species. The test is undoubtedly that of an imma-

ture Cidarid, and does not present any characteristic specific features ; under such

circumstances it seems preferable to regard it as the young of the associated form

rather than that of an unknown species, which would require to be named from this

insufficient material. The interambulacral areas have only 4 or 5 plates in each

column, the primary tubercles are comparatively large and prominent, and the relative

breadth of the ambulacra is rather greater than in the fully grown form. The scro-

bicule occupies nearly the whole of the plate, and the miliaries of the scrobicular ring are

the only regularly defined granules present, excepting a few irregular and often elongate

granules standing external to them in the miliary zone at the ambitus. In the ambulacra

the pairs of pores are slightly oblique, being directed downwards and inwards towards

the median suture of the ai'ea ; the adoral margin of the plate is also directed slightly

inwards, and is thus at a little lower level than the next succeeding plate—a feature

giving the appearance of imbrication. In the interporiferous areas only the two outer

q2
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rows of large granules are present throughout, with occasionally a trace (quite

microscopic) of the inner small series, the large granule occupying, however, nearly

the whole of the space between the pore and the median suture of the area.

Dimensions. The following are the measurements of three specimens :

—

a. h. e.

millim. millim. millim.

Height 28 25 25

Breadth 40 34 37

Localities. In the Khirthar series of strata :—i. Twenty-four miles west of Kotri

(entering the hills on the road to Biila Khan's Thana). Survey-number -^•
ii. Dharan Pass, near Laki. Survey-number -^—

.

iii. Gagar hill, east side of the Siirjana range. Survey-number ^^.

Illustrations of the Species in Plate XXI.

Fig. 1. The test seen in profile : natural size.

2. Actinal view of a part of the test : natural size.

3. Plates of the interambulacral area : magnified.

4. Ambulacral plates a little above the ambitus : magnified.

5. Ambulacral plates from a larger specimen at the ambitus: magnified.

6. Ideal section of an ambulacral area.

7. A portion of a spine : magnified.

8. A young specimen seen in profile : magnified.

9. Ambulacral plates from the same : magnified.

Genus POEOCIDAEIS, Besor, 1854.

Test circular, depressed above and below, inflated at the ambitus.

Ambulacral areas broad and straight. Poriferous zones broad, scarcely sunken,

with simple pairs of pores directly superposed. Pores wide apart, united by a con-

jugating furrow. Interporiferous areas broad, with horizontal series of miliary

granules.

Interambulacral areas wide, with two vertical rows of primary tubercles. Primary

tubercles with small mamelons, perforate, deeply crenulate. Scrobicules more or less

transversely oval, with shallow grooves more or less defined radiating from the

periphery towards the centre along the flank of the tubercles, with or without pores or

depressions at the outer extremity of the grooves. Scrobicular ring with a tendency

to become confluent.

Peristome small, decagonal.

Spines flattened, with strongly serrated edges.

This genus was established by Desor* for the reception of some isolated plates

with scrobicules of the form and dimensions of large Cidarids, but characterized by

* Synop. Echin. foss. pp. 46, 47.
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having the periphery perforated by a circle of pores, lodged in small furrows, radiating

round the scrobicule. Tubercles crenulated and perforated. Spines compressed,

lamelliform, and strongly denticulated. Subsequently a recent Cidarid from the North

Atlantic was referred to this genus by Sir Wyville Thomson, notwithstanding that

the form appeared anomalous in being deficient in the very character upon which the

genus was originally founded, viz. the presence of pores in the scrobicule. The

radiating impressions, however, were present; and Sir Wyville Thomson remarked,

" It is perfectly conceivable that these depressions may sometimes actually go through

the test, or' at all events leave it so thin that the action of water and attrition during

the process of fossilization may be well supposed to have completed the perforation"*.

This latter remark appears to us highly sagacious and important.

The first complete fossil test of Porocidaris known was that described by de Loriol

from the Nummulitic strata of Egyptf. He agrees with Thomson in the reference

of the recent form to the genus, and points out the interesting fact that both the pores

and the pits or grooves may be wanting on the same test—a circumstance probably

dependant upon their position thereon. It would hence appear that the scrobicular

pores and radiating grooves are of comparatively secondary importance.

1. PoEOCiDARis ANOMALA, Duncan c& Sladen. Plate XXI, Figs. 10-14.

Form subcircular, turban-shaped, depressed, the height being about one' half of

the diameter, moderately infiated at the ambitus, the contraction of the test" more

rapid actinally than abactinally. The test surrounding the actinostome is somewhat

depressed.

Ambulacra straight, very broad, measuring two fifths of the interambulacral area

at the widest part, and contracting gradually towards the peristome, where it is half its

greatest breadth. The contraction towards the apical disk is not so great. Poriferous

zones very broad, scarcely sunken, half as wide as the interporiferous area. Pores wide

apart, the inner one slightly elliptical transversely, the outer one very decidedly so and

often contracting somewhat inwardly. The space between the pair of pores is channelled

by a slight groove, and a faint ridge may be traced in well-preserved plates passing

from the upper margin of the one pore to the lower margin of the companion. A
delicate ridge or keel running along the upper aboral margin of each plate separates

the neighbouring pairs of pores. There are eight pairs of pores opposite one of the

largest interambulacral plates at the ambitus.

The interporiferous areas are broad, twice the width of the poriferous zone,

measuring 4 millim. in the largest specimen, and are furnished with six vertical rows

of minute mammillated miliary tubercles. There are consequently three tubercles

upon each plate ; the outermost is largest, and stands close to the inner pore and rather

nearer the aboral than the adoral margin of the plate ; the second is rather smaller,

and stands in the middle of the plate ; the innermost tubercle is much smaller, and is

* Phil. Trans, vol. clxiv. p. 727.

t ' Mouogr. des Echiaides contenus dans les couches Nummulitiques de I'Egypte,' 1881, p. 5.
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situated nearer the adoral margin of the plate ; the arrangement of the tubercles is

consequently slightly oblique upon the plate.

The interambulacral a,reas are twice and a half the breadth of the ambulacra at

their widest part—the ambulacra being 8 millim., the interambulacra 20 millim. There

are two rows of about 12 primary tubercles in each interambulacrum (possibly 13,

but the number cannot be stated definitely on account of the concealment of the

abactinal area by matrix). The primary tubercles are of moderate height, the neck

broad and deeply crenulated (about a dozen being present), and the mamelon very small,

subangular at the margins, and perforate. The scrobicules are wide and transversely

oval*. The scrobicular circle is subcomplete, and more or less confluent adorally and

ah orally, composed of 19 or 20 small, mammillated, miliary granules, scarcely larger

than the rest of the granulation of the plate. The miliaries are uniformly and rather

widely spaced and all are mammillated. The space between the scrobicular ring and

the poriferous zone has about two alternating series of miliaries external to those of

the ring; the space between the median suture of the area and the scrobicular ring is

more than twice as broad, and contains, in addition to three or four alternating series

of miliaries external to the scrobicule, a number of granules which gradually diminish

in size as they recede from the scrobicular ring. This gives the miliary zone a some-

what naked appearance. In some plates a faint indication of delicate furrows running

from the miliary zone outwards towards the scrobicule may be made out, inclosing

single series of granules ; but this is by no means persistent, and the furrows seldom

extend the whole way.

In primary tubercles where the preservation is perfect, shallow radiating grooves

or flutings may be traced at the base of the boss, deepest at the very margin of the

scrobicule, about 16 to 20 in number all round, although their presence is very'

indistinct adorally and aborally. The character is very feebly marked throughout, and

where weathering influences have taken place is altogether undiscernible.

Peristome decagonal or subpentagonal, small, 15 millim. in diameter in a test

49 millim. in diameter at the ambitus. Interambulacral plates prominent, with margin

incurved at the median suture and rounded towards the poriferous zones, simulating an

actinostomial indentation. Apical disk unknown.

Eadioles. The weathered longitudinal section of a primary radicle is present

amongst the matrix on the abactinal area, and also several fragments. This spine is

of moderate breadth and very slightly expanded as it increases in length. At each side

occur uniform, widely and equidistantly placed serrations, and the shaft is probably

compressed. The articulating facet is small in correspondence with the small mamelon.

The head is short and expands very rapidly, the ring prominent. The shaft contracts

gradually a short way outward from the ring, and again expands up to about the

second serration ; outward beyond this the expansion is very slightly, if at all, continued.

Numerous miliary spinelets are preserved upon the test; they are elongate,

delicate, compressed, slightly tapering and rounded at the extremity, all uniformly

* This character has unfortunately not been sufficiently shown by our artist in his drawings of this

species.
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marked with a very fine longitudinal striation. A few other spinelets, more delicate,

elongate, and subcylindrical, are also present ; these do not appear to be the shafts of

pedicellarise.

Young Form. A smaller specimen than the type, from another locality, measuring

33 millim. in diameter, which we regard as belonging to the same species, presents

several interesting features worthy of note. The scrobicules are perfectly circular,

excepting the faintest trace of flattening in one or two instances at the ambitus ; and

the scrobicular ring is more nearly complete, being imperfect on the aboral margin of

the plate only. The miliaries that form the ring are distinctly larger than any of the

rest, and those in the miliary zone are quite microscopic and represented only by most

feebly developed and widely spaced granules. In the interporiferous (ambulacral) area

the granulation is also very minute. The outermost granule, although almost micro-

scopic, is the only one present throughout ; the second is only sometimes represented

;

and the occurrence of any trace whatever of the innermost miliary is most uncertain,

the space for its presence alone being always maintained.

Remarks. It is not without considerable hesitation that we have placed this mag-

nificent form in the gepus Porocidaris, presenting as it does in such a very feeble manner

the primary character which would at first sight be regarded as the most conspicuous

feature of Desor's genus. The presence of the pits is not of such great importance,

however, after all, it being a character subject to extreme variation, and often absent

altogether in the existing species of Porocidaris*. After careful study of the fossils

under notice, we feel justified in adhering to the present determination.

Dimensions. The largest specimen (which is rather distorted) measures about

48 millim. in breadth, and about 25 millim. in height. The smaller specimen is

33 millim. in breadth, and 17 millim. in height.

Localities. In the Khirthar series of strata :—i. Twenty-four miles west of Kotri

(entering the hills on the road to Bula Khan's Thana). Survey-number ^^.

ii. Uncertain, said to be from near Jakhmari, Laki range. Survey-number G304
21 •

Illustrations of the Species in Plate XXI.

Fig. 10. The test seen in profile: natural size.

11. Actinal view of a part of the test: natural size.

12. An interambulacral plate, with the adjacent portion of the ambulacral

area: magnified.

13. Ambulacral plates : magnified.

14. Outline of fragment of a spine : slightly magnified.

* Wyville Thomson, " On the Eehinoidea of the ' Porcupine ' Deep-sea Dredging-Expedition," Phil.

Trans, vol. clxiv. (1874), p. 727.
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Family GLYPHOSTOMATA.

Subfamily DIADEMATIB^.

Genus CYPHOSOMA, Agassiz, 1840.

(See anted,, p. 31, Part ii.)

1. Cyphosoma mackostoma, Duncan & Sladen. Plate XXII, Eigs. 8-10.

Test of moderate size, circular in marginal contour, much depressed, tlie diameter

being more than twice and a half the height, flatly convex above, slightly concave

beneath, not greatly impressed around the peristome, which is large ; margin rounded

and tumid.

Ambulacral areas comparatively wide, more than half the breadth of the interambu-

lacral area. Poriferous zones straight, or with a slight tendency to flexure ;
pores

arranged in simple pairs, excepting at the peristome, where there is a little crowding,

and a few biserial pores or even arcs of three are produced. The pores of a pair are

separated by a slight eminence, and a costal ridge is produced from this along the upper

margin of the inner pore, by which this is separated from the neighbouring pore of the

succeeding pair. The ridge is not prolonged between the outer series of pores, and at

its inner extremity usually terminates in a granule on the ambulacral plate. The inner

pore is transversely elongate, larger than the circular outer pore, and is excavated out

of the adoral margin of the plate. There are four, or occasionally five, poriferous plates

to each whole ambulacral plate. The interporiferous areas have two rows of large

primary tubercles, 14 or 15 in each series; these tubercles are crenulate and imperfo-

rate and occupy most of the plate, and are accompanied by a few unequal-sized and

irregularly-placed granules, a more or less definite row often occurring on the aboral

margin of the plate. None of the granules can be said to rank as secondary tubercles.

Interambulacral areas with two rows of large primary tubercles, 12 or 13 in each,

very slightly larger than those of the ambulacral areas, which they resemble in every

respect, and diminish slightly in size towards the apical extremity of the series. The

primary tubercles are placed rather nearer to the median interambulacral line than the

middle of the plate. Between the primary tubercle and the poriferous zone are two

rather large secondary tubercles, one above the other and slightly oblique, the upper-

most being rather nearer to the primary tubercle. This double series does not extend

very far beyond the ambitus on the abactinal surface, but is continuous up to the peri-

stome, the tubercles being considerably diminished in size. Several small and irregu-

larly-placed granules are present on either side of the secondary tubercles, and a few

similar and unequal-sized granules occupy the inner portion of the plate between the

primary tubercle and the median suture, one standing near the inner extremity of the

aboral margin being usually the largest in the neighbourhood of the ambitus, but much
too insignificant to be ranked as a secondary tubercle. The miliary zone along the
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median line of the interambulacral area is not naked. Eight to ten pairs of pores stand

opposite two' of'the interambulacral plates.

Peristome very wide, equal in diameter to one half of the diameter of the test,

circular or subdecagorial in outline, rather deeply indented by wide, well-developed

mouth-slits. The peristomial margin of the ambulacral area is very broad and convex

towards the mouth, with a graceful incurving at the median line. The margin of the

interambulacral areas is comparatively straight between the limits of the slits, slightly

convex in the median portion, and faintly. incurved on either side adjacent to the sharp

angular prominence formed by the slit. The margins of the slit are thickened and

turned backward.

Apical disk wanting. The vacant space is of moderate size, nearly equal to one

third of the diameter of the test.

Bemarks. Although this form is very depressed, and scarcely so turban-shaped as

a typical Cyphosoma, the slightly sinuous poriferous zones, the large primary tubercles,

and the wide peristome all warrant its inclusion in that genus. The species is distin-

guished from any with which we are acquainted by the position of the primary tubercles

on the interambulacral plates, and by the accompanying pair of obliquely-placed

secondaries, together with the large and well-characterized peristome.

Dimensions.
millim.

Diameter of the test 26-5

Height of the test 10

Diameter of peristome 13"2

Diameter of apical disk 9

Locality. Khirthar series of strata. Probably from the Lower Nummulitic Lime-

stone : picked up in the infra-Nummulitic area. Hills under Jakhmari Peak, Laki

range, west of Amri. Survey-number ^^.

Illustrations of the Species in Plate XXII.

Fig. 8. Profile view of the test : natural size.

9. Actinal view of the test, showing peristome : natural size.

10. Ambulacral and interambulacral plates : magnified.

2. Cyphosoma undatum, Duncan & Sladen. Plate XXII, Figs. 11 & 12.

There is a test in the Khirthar series of a rather large species of Echinoid which

we refer to this genus ; but unfortunately the specimen is so badly preserved, and the

greater portion of the detail so obscurely masked by a thin layer of matrix, that a

complete description is impossible. The following particulars are all that can be

furnished :

—
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Test circular in marginal contour, considerably depressed, the diameter being about

twice and a half the height, regularly convex above, sloping down to a rather thin

margin or side, which is rounded and only slightly tumid.

Ambulacral areas less than one half the breadth of the interambulacral areas. Pori-

ferous zones very flexuous at the ambitus, where there are six or seven poriferous plates

to each whole or compound ambulacral plate, and the pairs of pores are arranged in a

vertical semicircular arc. Towards the apical portion of the area the poriferous zones

become straighter, and the pairs of pores stand in almost simple rectilineal series. The

ambulacral plates bear one large primary tubercle and a few widely spaced, uniform,

but irregularly disposed granules on the inner portion of the plate, and also a few on

the aboral margin of the plate.

The interambulacral plates are wide, with one large primary tubercle, equal in size

to those of the ambulacra, placed exactly in their midst, and surrounded, except on the

adoral side, by a more or less indistinct circlet of granules. There is one small

secondary tubercle midway between the primary and the poriferous zone, and two or

three small, scattered miliaries. The inner portion of the plate is occupied only by a

few uniform and very widely spaced granules, which are quite irregular in their arrange-

ment, the general paucity of granules giving a very naked appearance to the plate. The
primary tubercles are crenulate and imperforate, the ambulacral series being equal in

size to the interambulacral.

Bemarks. In profile view and in many of the points of detail this form would seem

to present some superficial affinities to the Echinoid named Echinometra, Thomsoni by

d'Archiac and Haime *. It differs, however, in several of the most essential particulars

recited by those authors in their description ; and it would obviously be impossible to

draw a just comparison between the fragmentary material at our disposal and the

species in question, without a direct comparison with the type ; respecting the generic

association of which we may here remark that we feel much hesitation in accepting the

determination of our learned predecessors. The type of Echinometra Thomsoni, d'A. &
H., is not to be found in the collection at the Geological Society in London. There is,

however, a specimen which corresponds with the fig. 13a {loc. cit.) and which bears a

ticket in the handwriting of M. J. Haime inscribed " Echinometra Forbesi, J. Haime."

This specimen is in a much better state of preservation than the Sindian fossil under

notice, and we consider it to be a different species. The arcs of pores are more curved,

and the curvature is maintained up to the apex, whereas in our form the poriferous

zones become straight. The secondary tuberculation is much more developed, and
there is much difference in the contour and general facies. Furthermore, M. Haime's
type is in a red matrix, resembling that of the Eanikot series, whilst the present fossil

is from the true Nummulitic Limestone. Carefully weighing the foregoing considera-

tions, we feel justified in regarding the Khirthar specimen as an independent species.

It is much to be desired that more perfect material will be forthcoming, in order that

the description may be completed.

* An. foss. de I'lnde, p. 207, pi. xiii, figs. 13a, 135.
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Dimensions.
millim.

Diameter of the test 42

Height of the test 17

Relative proportion of the ambulacral to the interambulacral area, at their greatest

breadth, 42-4 per cent.

Locality. Khirthar series of strata. Dharan Pass (east side), near Laki. From

the white limestones above the shales. Survey-number ^^.

Illustrations of the Species in Plate XXII.

Fig. 11. Outline of the profile contour of the test : natural size.

12. Ambulacral and interambulacral plates: magnified.

Genus MICEOPSIS, Cotfeau, 1856.

Test of moderate size, circular, subhemispherical or often more or less inflated,

concave beneath.

Poriferous zones straight. Pores arranged in simple pairs in uniserial series.

Primary tubercles in both series relatively small, delicate, and numerous, finely

crenulate, imperforate, and forming more or less regular vertical series.

Peristome small and slightly indented.

From the above diagnosis it will be seen that the differences which separate this

genus from Cyphosoma are individually those of degree only—the uniserial poriferous

zones, the small, delicate, and cofiiparatively more numerous primary tubercles, and the

small and slightly indented peristome being the characters upon which the division is

based. Although the value of these characters per se would appear small, their com-

bination produces a fades very different from that of an ordinary Cyphosoma. On this

account it seems convenient to retain the section, although its zoological validity might

well be contested, as P. de Loriol has already pointed out*.

1. MicEOPSis VENUSTULA, Duncan & 8laden. Plate XXII, Figs. 1-7.

The test is of moderate size, circular or subpentagonal in marginal contour,

depressed, height less than one half the diameter, regularly convex above, concave

beneath, and rather deeply impressed around the peristome, which is small ; margin

well rounded and tumid.

Ambulacral areas narrow, less than one half the breadth of the interambulacral

area at the widest part, slightly prominent, the interporiferous area being somewhat

raised. Poriferous zones straight, pores arranged in simple series throughout, no

doubling present either at the apical or peristomial extremity. The pores of a pair are

separated by a slight granuliform eminence, and a faint costal ridge, appearing as lateral

prolongations of the granule, occurs on the aboral margin of the ambulacral plate, and

* Descrip. Echin. tert. de la Suisse, p. 26 (Mem. Soc. Paleont. Suisse, vol. ii.).

e2
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thus separates the adjoining pairs of pores. The inner pore of each pair is close to the

adoral margin of the plate, often excavating it ; the outer pore is midway between the

margins. There are three poriferous "plates to each whole ambulacial plate. The inter-

poriferous areas have two rows of primary tubercles, about 18 to 20 in each, one

standing close to each poriferous zone. . The tubercles are crenulate, have a moderately

large imperforate mamelon, and are little, if at all, less than the primary interambu-

lacral tubercles. A few irregularly-disposed and widely-spaced granules occupy the

plate on the^ inner side of each primary tubercle. Near the ambitus, and extending up

to the peristome, one of the granules in each plate is much larger than the rest and is

mammillated ; and these form two alternating series of small secondary tubercles. Each

of the marginal primary tubercles is separated from its neighbour by a regular trans-

verse line of three small granules, which stands on the aboral margin of the plate.

Interambulacral areas wide, twice and a half the breadth of the ambulacral

areas, and are furnished with two rows of primary tubercles, 15 to 17 in each ; these

are placed rather nearer to the poriferous zone than midway on their respective plates.

At the ambitus there is a moderate-sized secondary tubercle at either side of the pri-

mary. The inner series does not extend very far abactinally above the ambitus, and

becomes insignificant towards the peristome. The outer series extends rather further

on the abactinal surface, but disappears entirely about midway between the ambitus

and apex. The primary tubercle is surrounded by a more or less distinct circle of small

miliary granules, which is confluent with the neighbouring circle on the lower margin.

The plate is further ornamented with a small number of widely-spaced, irregularly-

disposed, unequal granules, and a well-defined, naked, miliary zone is preserved from

the ambitus up to the apical disk. The primary tubercles maintain their size very

uniformly throughout the series, the diminution towards the extremities being very

slight. There are eight or nine pairs of pores opposite two of the interambulacral

plates of the ambitus.

Peristome decagonal, small, impressed ; diameter rather more than one third the

diameter of the test. Mouth-slits rather deep, wide, and well rounded, margined with a

slight rim.

Apical disk well developed, though forming a rather narrow ring
; periproctal aper-

ture suboval, with the right posterior ocular plate always iticluded. The other oculars

are smaller, regularly pentagonal in outline, and the puncture is minute and situated at

the extreme edge of the adoral margin. The genital plates are somewhat broader than

long, the adoral prolongation rather acute ; the genital pores are large and oval, and

placed nearer to this angle than to the periproctal margin. The right anterior genital

plate is scarcely larger than the others, and bears a compact prominent subtubercular

madreporiform body ; the other four genitals have a row of four or five granules along

their margin, and there are two or three on the included ocular. The excluded oculars

have a single granule on the centre of the plate.

Variations. The form, as a whole, is remarkably constant, the chief variations

noticed being those which afi"ect the marginal contour, tending to a more or less penta-

gonal outline, in consequence of the inflation of the radial areas, and the greater or less
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development of the secondary series of tubercles on the interambulacral plates, these in

some examples being confined to the ambital region, whilst in others they extend

further towards the peristome or towards the apex, sometimes the inner and sometimes

the outer series being the most extensive.

BemarJcs. This species cannot be mistaken for any of its Indian congeners ; the

form of the test, the small and regular tuberculation, and the small peristome readily

characterize it. It is distinguished from the Egyptian M. mokattanensis, Cotteau, by

the form of the test, which is less turban-shaped and more subconically convex abac-

tinally, by the shorter series of secondary tubercles on the interambulacral plates, and

by the much more scanty miliary granulation. Micropsis venustula has very close

resemblance to Cyphosoma superhum^ Dames, from San Giovanni Ilarione, but differs in

the form of the test, and in having the secondary tubercles of the interambulacral plates

smaller, less regular, and more confined to the region of the ambitus. The primary

tubercles are also smaller. M. venustula resembles C. superbum in having straight uni-

serial poriferous zones ; and the differences which separate the two forms generically

appear ta be very slight, and may well in such a case suggest doubts as to the propriety

of maintaining both the genera as distinct.

Diameter of the test .

Height of the test .

Diameter of peristome

Dimensions.
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Suhfamily TEMNOPLEUBID^.

Genus TEMNECITINUS, Forbes, 1852.

Test spherical or tumidly turban-shaped. Poriferous zones almost straight. Plates

of the ambulacral and interambulacral areas with fossettes upon their horizontal

sutures. Primary tubercles non-crenulate and imperforate. (Occasionally a crenulate

tubercle is seen.) Apical system well developed and regular. Peristome small, sunken,

and with very small indentations.

In a former page (part ii. p. 36) we have remarked at length on various genera of

the subfamily Temncypleuridce. Furthermore, from the study of a large series of

specimens in various states of preservation obtained from higher beds than those

to which the present fragment is assigned, we have been enabled to discuss critically *

the group of species referred by d'Archiac and Haime to the genus Temnopleurus.

We have there shown that none of the forms described in the ' Animaux fossiles de

I'lnde ' belong to Temnopleurus, in that they are deficient in the special sutural pits

and the knob-and-socket jointing of the plates, which-have been demonstrated by one

of us f to characterize the Temnopleuridce ; in that they possess a peculiar superficial

ornamentation on the plates, which does not occur in the true Temnopleuri ; and in

that the tubercles are non-crenulate and imperforate, whilst those of Temnopleurus are

crenulate and perforate. On the other hand, the Indian species under notice accord

in every essential point with the genus Temnechinus of Forbes ; and it is gratifying that

the additional material at our disposal has enabled us to confirm the position taken by

him.

1. Temnechinus Eousseaui, d'Archiac, sp. Plate XXII, Figs. 13 & 14.

Temnopleurus Eousseaui, d'Archiac (1850), Hist, des progres de la Geol. t. iii. p. 257.

, d'Archiac 6( Haime (1853), Beserip. An.foss. de I'Inde, p. 205, pi. xiii, flg. 10.

There is a single fragmentary test of a small Echinoid in the collection from the

Khirthar series which we refer, although with much hesitation, to d'Archiac and

Haime's species. The fossil, unfortunately, is in such a weathered and unsatisfactory

state that an accurate determination is impossible. All the types of MM. d'Archiac

and Haime's species of Temnopleurus in the collection of the Geological Society are also

very badly preserved, and it is often impossible to make out the details delineated in

the exquisite drawings in the ' Animaux fossiles de I'Inde.' It appears to us that the

imagination of the artist has been guided by ink-spots placed in the cavities and other

marks.

The following are the particulars of such detail as can be noted in the fragmentary

specimen before us :

—

' The Tertiary Fossil Echinoidea of Kachh and Kattywar ' (1883), p. 54 et seq.

P. Martin Duncan, Journ. Linn. Soc, Zool. vol. xvi. p. 343.
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Test small, circular in marginal contour, moderately high and subconical above,

height nearly equal to two thirds of the diameter, gently rounded at the margin and

flat beneath. Peristome subcircular or decagonal, equal in diameter to one third of

the diameter of the test. Mouth-slits very faintly indented. Ambulacral areas nearly

equal in width to two thirds of the breadth of the interambulacral areas (4 mm. to

6-5 mm. accurately). Poriferous zones rather wide, pairs of pores arranged in oblique

lines of threes. There are three poriferous plates to each whole ambulacral plate, the

middle one being small and wedge-shaped, hardly more than half the breadth of the

other two, between which it has the appearance of being intercalated. The pair of

pores borne by this small median plate is the last and most outward pair of each of the

oblique lines of threes ; whilst the first pair of the oblique series, which is also the most

inward and aboral, is borne on the lowest or adoral poriferous plate of the next more

aboral ambulacral plate. The three pairs of pores which constitute the oblique lines

of threes consequently do not correspond with the three pairs of pores comprised in

each individual ambulacral plate. The tuberculation of the test is entirely destroyed

and the ambulacral plates are weathered down so as to become roof-shaped and bevelled

towards the aboral and adoral margins. There appear to be traces of two rows of

primary tubercles in the interporiferous area, placed marginally; and there are also

traces of vertical prolongations (1 costal ridges) uniting the primary tubercle with its

succeeding neighbour.

The ornamentation of the interambulacral areas is similarly destroyed, and the

plates are roof-shaped and bevelled down to the adoral and aboral sutures, like the

plates of the ambulacral area. Traces exist of a central primary tubercle accompanied

at the ambitus by two smaller ones on either side, thus forming a horizontal row of five

upon the plate. The companion tubercles decrease in number upon the upper portion

of the abactinal surface and towards the peristome, the central primary alone being

present at the apex, whilst three are continued to this peristome. Vertical prolonga-

tions or ridges proceed from each of the tubercles and unite them with the correspond-

ing tubercles of the neighbouring plate in vertical succession, producing, along with the

effects of weathering^ the remarkable horizontal series of round, isolated, pit-like cavities

along the suture-lines of the interambulacral plates. If these were filled in with ink,

as in d'Archiac and Haime's type specimen, the similarity would be complete.

Memarhs. We have little doubt that the fossil under consideration is the same

species as that described in the monograph of our French predecessors ; but the condi-

tion of the specimen is such as to render it perfectly useless for any critical purposes.

From the lithological appearance we have very grave doubts about this specimen really

belonging to the Khirthar series. It is possible that some mistake may have been made in

the locality assigned to the specimen, and we would urge caution in accepting this as a

Khirthar form until further verification is forthcoming. These doubts are strengthened

by the fact that T. Bousseaui (together with the other species of Temnechini described

by d'Archiac and Haime as Temnopleuri) are in reality Miocene species; and to this

we have referred at greater length in the 'Description of the Echinoidea of Kachh and

Kattywar.'
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Dimensions. Diameter of the test 18 millim. ; height 11 miillim. ;
peristome

6 millim.

Locality. Gagar Nala, near the Darwat, on the Baran. (Khirthar series of strata.)

rj , G302
burvey-number -^^.

Illustrations of the 8jpecies in Plate XXII.

Fig. 13. Profile view of the test : magnified twice.

14. Ambulacral and interambulacral plates : magnified.

OreZer ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family CONOCLYPEID^.

Genus CONOCLYPEUS, Agassiz, 1840 (amended).

(See anted, p. 51, Part ii.)

1. CoNOCLTPEUS ALVEOLATUS, Bwncan 8f Bladen. Plate XXIII, Figs. 1-6.

The test is of large size, marginal contour oval, slightly protruding posteriorly, the

breadth being about eight ninths of the length. The height is nearly two thirds of

the length, and the apical summit is rather excentric anteriorly. Seen in longitudinal

profile, the dorsal convexity approaches a subconoid outline,, but with the apex well

rounded, and the anterior slope straighter and less curved than the posterior; the

odd posterior interradium is also slightly tumid or subcarinate along its median

line, approaching to a subrostrate prominence at the posterior extremity. The actinal

surface is flat, very faintly impressed round the peristome, and the margin, though

comparatively sharp, is well rounded.

The apical disk is large. There are four genital pores ; and the whole of the

extensive central portion of the system is punctured with the pores of the madreporite.

The ocular plates and pores are exceedingly minute and do not encroach on the madre-

poriform body.

The ambulacral petals are broad and equal, very widely open at the outer

extremity, and with no tendency to converge. The upper portion of each of the petals

is sunken in a well-defined depression of the test, which gradually disappears, however,

towards the outer fourth of the petal, where the interporiferous zone is flush with the

rest of the test, the petals reaching almost to the margin. This depression of the

ambulacral areas gives a very prominent and almost gibbous character to the interradial

portions of the test on the upper portion of the abactinal surface. The poriferous

zones are very broad, the width increasing gradually from the apex to the inner third

of the petal, and then decreasing slowly up to the outer extremity. The outline formed
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by the outer series of pores in a petal is lanceolate and widest about the middle of the

petal, and somewhat constricted, or less wide, at the outer extremity. The inner series

of pores form straight lines, which open out or diverge gradually in an increasing

degree from the apex to the extremity. The interporiferous area is consequently a

wedge-shaped band, its width being equal to, or only very little greater than, the pori-

ferous zone at the portion of the petal where this is widest ; but the width of the area is

doubled at the outer extremity of the petal. The pores of a pair are wide apart and

united by a very conspicuous furrow, the outer pores being elongate and the inner

pores round. The divisional costse are but slightly broader than the grooves, and are

ornamented with very minute granules, normally forming a single line, but frequently

becoming irregular from crowding and diminution in size. The ornamentation of the

interporiferous area is close and compact, uniform with that of the interradial areas,

the tubercles being numerous. From the extremity of the petal the poriferous zone is

continued by a series of single pores placed in well-defined depressions which converge from

the ambitus to the peristome ; and the interporiferous area is very deeply and rather

suddenly troughed or depressed near the peristome, giving great prominence to the

bourrelets. Just before this depression of the ambulacral area commences the pores

fall into double series, although there is some irregularity in their position, and a few

additional pores are sometimes present. The bourrelets are large and conspicuous,

and are emphasized by the depression of the ambulacral areas above mentioned. The

bourrelet of the odd posterior interradium is large and broader than the rest, whilst

the two anterior bourrelets are slightly more elongate and prominent than the posterior.

The tuberculation of the bourrelets is larger than that of the test generally, but the

tubercles become smaller and more crowded on the sides of the bourrelets and on

the peristomial margin. The peristome is subcentral, pentagonal, and very deeply

incised.

The periproct is elongate, elliptical, encroaching almost as much on the margin

as on the actinal surface, to the plane of which its position is oblique. The margins

of the aperture are rather deeply and sharply rounded inward. An almost naked

band, along which the intermediate miliary granulation is more or less confluent,

occupies nearly the whole of the median line of the odd posterior interradium

between the periproct and peristome.

The tuberculation of the test is small, uniform, crowded, and compact. The
primary tubercles are small, equal-sized, sunken in deep scrobicules, so tliat the

mamelon of the tubercle and the intermediate miliary space are on the same level.

The scrobicules are equidistantly spaced, and the intermediate miliary space is less

than, or at most only equal to, one half the diameter of the scrobicule. Although

usually worn, there are some perforated and crenulated tubercles to be seen.

BemarJcs. This species differs from Conoclypeus Sindends, nobis, from the

Ranikot series, in its shape and the construction of the ambulacra ; and from C. Delor

nouei, de Loriol, from Egypt, by the shape, by the width of the peristome, and by the

width of the interporiferous areas.
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Dimensions.
millim.

Length of the test 92

Breadth of the test 81

Height of the test 57

Breadth of the petal at its widest part 13'5

„ „ „ outer extremity ... 9 '5

Breadth of the poriferous zone at its widest part . 3'75 to 4

Locality. In the Khirthar series. Surban range, south of Eri, north-east of Bula

Khan's Thana. Survey-number —^q-.

niustrations of the Species in Plate XXIII.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test: natural size.

3. Longitudinal profile of the test : natural size.

4. A bourrelet and rudimentary phyllode : magnified.

5. Terminal extremity of an ambulacral petal : magnified.

6. Apical disk: magnified.

2. CoNOCLTPEUS PiNGUis, Duncan & Sladen. Plate XXIII, Figs. 7-11.

The test is large, subovoid in. marginal outline, the greatest breadth being opposite

the extremities of the antero-lateral petals. The breadth is rather more than nine

tenths of the length, and the height is rather more than three fifths of the length.

The apical centre is slightly excentric in front, and the longitudinal profile, which is

subconoid in outline, shows the anterior to be more arched and tumid than the

posterior curve, the. odd posterior interradium being on a gentler slope and faintly

subcarinate. The actinal surface, though fiat generally, is slightly impressed around

the peristome, and the margins of the test are well rounded, so that the intervening

portion of the actinal surface becomes rather tumid in character.

The apical disk is of moderate size. The four genital pores are oval and very

large, with the intermediate space occupied entirely by the madreporiform body, the

surface of which is also subtubercular. The ocular plates slightly encroach on this

body, and the optic pores are large and subtriangular or semicircular in shape.

The ambulacral petals are wide, flush with the test, and somewhat flexuous in

their course ; they are widely open at their outer extremity, which terminates some-

what abruptly at a little distance from the margin, and there is a faint tendency

towards convergence. The poriferous zones are very wide, attaining their greatest

breadth at about the middle of the petal ; and the diminution of the breadth is neither

great nor rapid towards the extremity, where they are comparatively broad. The
interporiferous area is nearly twice as broad as the poriferous zone at its widest part.

The pores of a pair are very wide apart and united by a deep furrow ; the outer pore

is elongate and slit-like, and the inner pore round or elongately oval. The divisional
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septum is ornamented with a single row of miliary granules. The ornamentation of

the interporiferous area is uniform with that of the rest of the test, and is well spaced.

The poriferous zones pass over the ambitus as a single series of pores, and these

converge towards the peristome. On the inner third of the zone, the pores fall into

double series, placed obliquely, but often irregularly, and with some additional pores.

The inner extremity of the ambulacrum is depressed and forms a constricted trough

down to the peristome, which greatly emphasizes the bourrelets. The bourrelets are

very large and tumid, the two anterior being the broadest and most prominent,

whilst the two posterior laterals are the most pointed and least prominent. In the

neighbourhood of the bourrelets the tuberculation is larger than elsewhere, but

becomes smaller and more crowded down the sides of the bourrelets and up to the

margin of the peristome.

The peristome is large and slightly excentric in front. The periproct is elongate,

elliptical, and entirely on the actinal surface, but close to the posterior margin of

the test.

The tuberculation of the test is rather large and more widely spaced than in the

preceding species, the intermediate miliary space being frequently greater than the

diameter of the scrobicules, the depth of these being also less than in the previous form.

On the actinal surface the tuberculation is larger and more crowded.

Bemarks. This species is readily distinguished from its congeners by the plump

well-rounded abactinal surface, by the great breadth of the ambulacra, and by the

character of the ornamentation.

A fragmentary fossil of a small and badly-preserved test we refer with some

hesitation to this species. The marginal contour is more rotundly oval ; and the

outline of the abactinal surface, as seen in longitudinal profile, shows the slopes to be

somewhat less full and convex than in the type. As the other characters of the test

accord sufficiently closely with the form now described, the differences may not

improbably be attributable to age only.

Dimensions.
millim.

Length of the test 94

Breadth of the test 80

Height of the test 56

Breadth of the petal at its widest part 15

„ „ outer extremity 11

Breadth of the poriferous zone at its widest part . . . 3 '75

Localities. In the Khirthar series of strata :—i. Baili, west of Tong. Survey-

number ^.
ii. A young example, which we refer to this species, was presented to the

Geological Survey ; the exact locality was not known, but said to be near Kotri,

probably the hills west of Kotri. Survey-number ^^.
s2
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Illustrations of the Species in Plate XXIII.

Fig. 7. Abactinal view of tlie test : natural size.

8. Actinal view of the test : natural size.

9. Longitudinal profile of the test : natural size.

10. Terminal extremity of an ambulacral petal : magnified.

11. Apical disk : magnified.

3, CoNOCLTPBUs EOSTKATUS, Buucan & Slaien. Plate XXIV, Figs. 1-4.

The test is of large size, with an elongately oval marginal contour, somewhat

angular or protuberant in the lateral interradia, and with a comparatively prominent

rostration posteriorly. The greatest breadth occurs in the postero-lateral interradia,

and is about four fifths of the length. The anterior excentricity of the apical disk is

very slight ; and the greatest height of the test, which is about one half the length, is

placed somewhat posterior to this. Seen in longitudinal profile the dorsal outline of

the test is decidedly subconoidal, the anterior slope very slightly convex, and the

posterior slope becoming tumid in the neighbourhood of the posterior rostration and

terminating more or less precipitously. The outline of the transverse profile' is well

arched, and the margins of the test are gently rounded. The actinal surface is almost

fiat, slightly impressed around the peristome, and merging with a gentle slope into the

curvature of the margin.

The ambulacral petals are broad, and each is situated in a faint but well-marked

concavity of the test, which does not terminate abruptly, but extends laterally on to the

interradial areas, dying out gradually. The petals remain widely open at their outer

extremities and terminate abruptly before the margin is reached. The width of the

petals is from Tb~o% to Toqo of the length of the test ; and the width of the poriferous

zone is very remarkable, being at its broadest part equal to, Or even slightly greater than,

the width of the interporiferous area, being 5 millim., or -^ of the length of the test.

The diminution in the width of the poriferous zone as it approaches the margin is

comparatively slight, and the last two or three conjugate pores diverge at an, angle from

the horizontal, the divergence increasing gradually in each succeeding outward pair, and in

this manner emphasize the abrupt termination of the poriferous zone. The width of the

interporiferous area at the extremity of the petal is very slightly greater than at the

widest part of the petal. The inner pores of the zone are round, and the outer pores

elongate, the pores of each pair being united by a deep furrow. The costse which

divide the pairs are slightly wider than the furrows and are ornamented with a single

line of small miliary granules, twelve to fifteen or more being present on each. The

ornamentation of the interporiferous area is similar in character to that of the inter-

radial areas, the primary tubercles being, however, rather more widely spaced.

Peristome and surrounding portions of the test are unknown. Periproct close to

the posterior extremity, and (probably X) encroaching on the margin ; but unfortunately

the preservation of this part of the specimens at our disposal is unsatisfactory.

B.emar1cs. A specimen which was not found in place, but is referred by the

collectors to the same locality, we consider to belong to this species, although it
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presents some variation in form when compared with the type. The breadth is rather

less in relation to the length, the marginal contour is more angular in the region of the

anterior interradia, the posterior rostration is more produced, and the depressions in

which the petals are placed are less marked than in the type. In all other points the

correspondence is close ; and we see no reason to separate the form from C. rostratus.

A very much weathered specimen from Rois Hill, south of Damaj, we also refer to

this species, although not without reservation. The general form of the test is well

preserved ; but all detail on the abactinal surface is lost, hence definite comparison is

impossible. The actinal surface is well preserved. The test is smaller than the type, its

marginal contour is on the whole more regularly oval, and, from the general appearance

of the fossil, we are led to believe that the ambulacral depressions were very faint.

Dimensions.
a. h. c.

millim. miUim. millim.

Length of the test 100 96 87

Breadth of the test 83 74 72

Height of the test 48 53 45

Width of one of the paired petals . . 15 14*5 12-5
C?)

Localities. Khirthar series of strata:—i. Hills east of Trak. (Locally highest

beds of the group.) Survey-number -^j-.

ii. Not found in place, but referred to the same locality. Survey-number 5^.

iii. Eois Hill (east flank), south of Damaj. Survey-number ^^•

Illustrations of the Species in Plate XXIV.

Fig. 1. Abactinal view of the test : natural size.

2. Longitudinal profile of the test : natural size.

3. A portion of the left posterior ambulacral petal at its widest part:

magnified.

4. Terminal extremity of the same petal : magnified.

4. CoNOCLTPEus GALEEUS, Duncan & Sladen. Plate XXIV, Figs. 5-10.

Three fragmentary tests of a well-defined species of Conoclypeus occur in the

collection of Khirthar fossils. Unfortunately none of the specimens are sufficiently

well preserved for a complete description of the form to be given ; but the following

points are observable, and serve to mark the individuality of the species.

The test is large, with an elongately oval or oviform marginal contour. The

greatest height is two thirds of the length, and is situated very far in front, which

gives the test a conspicuous excentric conical form. Seen in longitudinal profile the

anterior slope, which is very steep and precipitous, is comparatively flat and but little

convex ; it bends rather rapidly over on the rounded apex, and is gently curved at the

acutely rounded margin. The posterior slope, although steep, exhibits a much greater

incline than the anterior slope, and its flexure is remarkable; after proceeding a
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distance downward from the well-rounded apex the slope becomes flat, or even with a

slight trace of concave inbending, and then gradually curves outward with a rather bold

convexity or tumidity, and passes over on to the region of the slight posterior rostration

with a precipitous curve. The posterior margin is acute. Seen in transverse profile,

the sides of the test slope with a regular convex curve of great inclination.

The actinal surface appears to have been remarkably flat, with a slight depression

towards the peristome.

Apical disk very excentric anteriorly, corresponding with the summit of the test.

Structure wanting.

Ambulacra broad and long, extending close to the ambitus. The right anterior

ambulacrum measures 14-5 millim. at its widest part, the interporiferous area being at

this place 6-5 millim. in breadth, and the width of the poriferous zone here is conse-

quently 4 millim. This great width is maintained for a considerable distance towards

the apex, and the diminution in breadth is slight and very gradual until close to the

summit. Below the point of greatest breadth the poriferous zone becomes much

diminished in breadth, tapering all the way to the extremity, where the pores are not

more than 1 millim. apart, whilst the interporiferous area is here 8"5 millim. across the

ambulacra, which terminate without any curve. The inner pores are transversely oval
;

the outer pores long and slit-like, and are united by a straight deep furrow. The inter-

vening costae are rather flat and tabular, ornamented with numerous very minute

granules, twelve to fourteen in a line, with additional small supplementary granules at

the outer end, which break the regularity of the line and give the appearance of a

small group, or even two or three lines near the junction of the costa with the neigh-

bouring interradial area. Sometimes the additional granules are present along the

whole costa, and the lineal character of the ornamentation is then obliterated ; and

sometimes only a few additional are present at the inner and the outer extremity of the

costa alike.

The paired ambulacra are about equal in width, and the odd anterior one is a

shade narrower. The antero-lateral petal is bent slightly forwards from midway out-

wards, the character being chiefly noticeable in the outline of the interporiferous area
;

and the postero-lateral petals are slightly sinuous, in conformity with the undulations of

the posterior part of the test, the convexity, which attains its maximum about midway

along the petal, being directed forwards. The posterior ambulacra come well back-

wards, and the posterior interradium is considerably narrower than the postero-lateral

interradia ; towards the extremity the posterior petals in passing downwards are

slightly curved forwards. The ornamentation of the interporiferous area consists of

small, widely spaced, primary tubercles sunken in small deep scrobicules, the wide

intermediate spaces, which are greater than the diameter of the scrobicules, being

covered with very small, definite, rather widely spaced, uniform, miliary granules.

The ornamentation of the interradia is similar in every way excepting that in certaui

regions the primary tubercles are perhaps not quite so widely spaced. On the actinal

surface the character is changed, the scrobicules being larger and the intermediate

spaces narrow.
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The peristome is slightly excentric in front; unfortunately the surrounding

portions of the test are obscured in the specimens at our disposal. The structure of

one of the posterior ambulacral areas is well preserved between the peristome and the

margin ; near the peristome there is a tendency to form a double row of pores—an

appearance arising not so much from additional pores as from an alternate disposition

of the normal pores through a slight alteration of their position on the plate ; a few

additional small intercalated plates, however, are present here and there. Near the

margin the arrangement of the ambulacral plates recalls that found in Amhlypygus—
namely, one very small triangular intercalated plate inserted between two large ones at

their outer margin, thus forming a triplet, which is succeeded by similar triplets, the

small intercalated plates being consequently every third plate. Nearer the peristome,

in the form under notice, the small intercalated plate is found between nearly every

other large plate, and sometimes two intercalated plates may occur together.

The periproct is preserved in only one example. It is large, elongately oval, and

narrow, with the greatest diameter corresponding with the longitudinal axis of the test

;

it is placed entirely on the flat actinal surface and comes up close to the margin. The

major and minor diameters of the aperture measure 12 millim. and 6-5 millim.

respectively.

BemarJcs. Although only fragmentary specimens of this species have been found,

the form is well marked by the peculiar helmet-shaped outline of the test, by the

character of the ambulacra, as well as by the character of the ornamentation. In none

of the other Indian species are the primary tubercles so widely spaced.

Dimensions. The following measures are only approximate, as no entirely perfect

specimen is contained in the collection :

—

Length of the test . . .

Breadth of the test . . .

Height of the test . . .

Another specimen is too much damaged to permit of any measurements.

Localities. In the Khirthar series :—i. Dharan Pass (east side), near Laki. Survey-

number ^.66
ii. Phitto, west side of the Dharan range. Survey-number ^^

Illustrations of the Species in Plate XXIV.

Fig. 5. Abactinal view of a fragmentary test : natural size.

6. Longitudinal profile of the same specimen : natural size.

7. Longitudinal profile of another test : natural size.

8. A portion of an ambulacral petal at its widest part : magnified. (Same

test as Figs. 5 and 6.)

9. Terminal extremity of the same petal : magnified.

10. Portion of an ambulacral area on the actinal surface, showing the arrange-

ment of the ambulacral plates near the peristome : magnified.

a.

millim.

about 90
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Family CLYPEASTEIBM.

Subfamily EUOLYPEABTBIDA

Genus ECHINOCYAMUS, mn Phelsum, 1774.

Test of small size, more or less depressed, oval, oblong.

Ambulacral summit central ; apical system compact, four generative pores, five

ocular pores.

Ambulacra indistinct and scarcely petaloid, open at their extremity. Poriferous

zones with few pores, arranged in widely spaced pairs. Pores of a pair round and not

united by a conjugating furrow.

Interambulacral areas of the test supported internally by a pair of simple vertical

partitions radiating from the margin toward the peristome.

Peristome central, subpentagonal, with high auricles internally.

Periproct oval or rounded, placed between the peristome and the posterior margin

of the test.

1. EcHiNOCTAMUS NUMMULiTicus, Duncan & Sladen. Plate XXV, Figs. 14-20.

Form subdepressed, but rather high for the genus ; marginal contour oval, slightly

more contracted in front than behind. Abactinal area convex, almost subconoid, with

the greatest height subcentral or slightly excentric in front ; seen in longitudinal profile

the posterior slope is somewhat straighter or less arched and less bombous than the

anterior slope, and the anterior margin is thicker and more tumid than the posterior.

The transverse profile is regularly convex, and its outline approaches the conoid. The

actinal surface is flat, the margins of the area rounding gently on to the sides, which

are well rounded. There are slight depressions along the median radial lines of the

actinal surface, more distinct in some specimens than others, which give a somewhat

undulating or faintly tumid character to the area.

The apical disk is very small, and the four genital pores are scarcely distinguishable

from the tentacular pores of the ambulacra. The anterior pair are placed closer

together than the posterior. Immediately between the anterior pair of pores is a

rather smaller pore, which is probably the madreporic foramen. The ocular pores are

exceedingly minute, and only visible under high magnification and careful illumination

:

that of the odd anterior radius is placed more outward than the madreporic pore, and

stands at the apex of a triangle, almost equilateral, whose base would be represented by

a line joining the anterior pair of genital pores. The anterior pair of ocular pores

stand midway between the antero- and postero-lateral genital pores, but more distant

from the centre, and are consequently wider apart than the anterior pair of genital pores.

The posterior pair of ocular pores are placed behind the posterior pair of genital pores,

that is to say further outward, away from the centre ; they are, however, much nearer

together than the posterior genital pores, being about the same distance apart as the

anterior pair of genital pores.

The ambulacral petals are broad, short, subequal, and very rudimentary in character.



OF WESTERN SIND. 133

The poriferous zones are broad, and almost straight in their course after attaining

the greatest breadth of the petal: hence the outline of the petals is very slightly

petaloid.

The pores are round, equal, or with the outer pores of a zone slightly largest, the

pores of a pair being wide apart and with no trace of conjugation. The pairs of pores

are distinct from one another, and there are not more than seven or eight in each zone.

The pairs of pores are slightly oblique, and the amount of obliquity increases in each

plate towards the outer extremity of the poriferous zone, the outer pore of the last

pair being often brought down till nearly in vertical series with the inner pores of the

zone. The inner pores of the companion zones of a petal form vertical series parallel

with one another, and the interporiferous area is consequently of uniform width ; it is

narrower than the breadth of the poriferous zone at its widest part; and in some

specimens the surface of the interporiferous area appears to be faintly keeled, or

slightly higher than the interradial portions of the test.

The peristome is central, pentagonal, and with the margin concavely bevelled out

of the thickness of the test. The depth of this bevelled margin is somewhat empha-

sized by the presence of a slightly elevated ridge round the outer or external edge of

the bevel. Owing to the breadth of the bevel, the diameter of the inner pentagon or

actual margin of the peristome is very little more than one half that of the outer

margin. The sunken edge is ornamented with small miliary tubercles, sunken in small

scrobicules and irregularly placed ; and there are a pair of conspicuous, elongately

oval, buccal or peristomic pores corresponding to each ambulacrum, the pores of a pair

being close together and only separated by a thin dissepiment. There are two small

granule-like protuberances, situated above the buccal pores, projecting from the peri-

stomial margin.

The periproct is elongately oval, placed longitudinally and at about midway

between the margin and the peristome. The length is twice the breadth, and the

length is about the same as the diameter of the inner margin of the peristome.

The tuberculation of the test is minute, and consists of small primary tubercles

sunken in deep scrobicules irregularly distributed over the surface, the intermediate

spaces being occupied by comparatively large-sized miliary granules, more or less

irregular in their size, development, and prominence.

Remarks. The high and broadly oval form of the test and the character of the

ambulacra appear to separate this variable form distinctly from any Nummulitic species

with which we are acquainted.

Dimensions. The length of the test is 7 millim., the breadth 6-5 millim., and the

height 4-25 millim.

Localities. In the Khirthar series of strata :—i. Sumbak Hill, south-west of the

Vero plain. Survey-number ^|^,

ii. East of Band Vero, north-west of Kotri. Survey-number ^||^.

iii. On the road about four miles west of Kotri. Survey-number ^~. (One

imbedded specimen, scarcely determinable.)

iv. Near Petiani, ten miles west of Kotri, Survey-number ^^. We were at
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first inclined to place the three very small specimens from this locality as a separate

variety, on account of their greater rotundity and more depressed form ; but, taking

into consideration the great variability of the species and the scanty material, we prefer

to place them along with the type, recording at the same time this note.

Illustrations of the Species in Plate XXV.

Fig. 14. Abactinal view of the test : natural size.

15. The same : magnified.

16. Actinal view of the test : magnified.

17. Longitudinal profile of the test : magnified.

18. Transverse profile of the test : magnified.

19. Apical disk and surrounding portions of the test : magnified.

20. Peristome and surrounding portions of the test : magnified.

Variations. A large series of specimens of Echinocyamus are comprised in the

collections from the Khirthar series, and were obtained from several localities. Con-

siderable variation occurs in the shape of the test, and this is found in a series of

specimens from the same locality, and appears to be irrespective of age or size. The

variation chiefly afiects the marginal contour, which may be more oval and elongate or

more circular than the type form ; and the test may also be more depressed and less

subconoid in its dorsal convexity. In fact the species seems to be as protean in its

form as the living representative ; and it can readily be understood that a collector,

having only a few specimens at his disposal, might be led to consider that he was' dealing

with several species if form alone were his guide.

The following variations, each from different localities, appear to us to be worthy

of more than passing mention ; and although in some instances the number of

examples is only small, they seem to be well marked and characteristic. Even in these

cases, however, it is not without hesitatioit that we rank them as nominal varieties,

after the experience above recorded ; for the number of specimens is not sufficient to

thoroughly gauge the value of the variations. In our present state of knowledge we
are disposed to consider that they present a locational character—an opinion, however,

which can only be off'ered with reserve until a larger quantity of material • is available

for study from each locality ; for it is unquestionable that amongst a large series of the

normal or typical form there appear to be near approaches to the varietal forms ; whilst

similar approximations to the type form are found to exist, in more than one instance,

where a tolerable series of the variety is available.

2. EcHiNOCYAMUS NUMMULiTicus, var. OBEsus. Plate XXV, Figs. 21-24.

The contour of the margin is more regularly ovoid. The test is relatively much
higher, the longitudinal profile is more regularly arched, and the sides are more tumid

and rounded off imperceptibly on to the actinal surface. The examples of this variety

are all small, the length of the largest being 7 millim., and that of the smallest

4 millim. In similar sized specimens of the type form of the species the test is much
more depressed and fiatter than in the large and fully grown specimens ; whilst in the

variety under notice these characters are reversed.
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Locality. In the Khirthar series of strata. Near the gorge of the Baran river, north-

east of Bula Khan's Thana. Survey-number ^^^^.

Illustrations of the Variety in Plate XXV.

Fig. 21. Abactinal view^ of the test: natural size.

22. The same : magnified.

23. Actinal vievi^ of the test : magnified.

24. Longitudinal profile of the test : magnified.

3. EcHiNOCTAMus KUMMULiTicus, var. oviFOEMis. Plate XXV, Figs. 25-28.

The marginal outline of this variety is oval, and the test is regularly convex both

on the abactinal and actinal surfaces, resembling the shape of Fibularia very closely.

The sides are very tumid, there is no flattening of the actinal surface, and the test is

very faintly impressed round the peristome.

Localities. In the Khirthar series :—i. East of Band Vero, north-west of Kotri.

Survey-number -r^-

ii. Twenty-four miles west of Kotri (entering the hills on the road to Bula Khan's

Thana). Survey-number -^.

Illustrations of the Variety in Plate XXV.

Fig. 25. Abactinal view of the test: natural size.

26. The same: magnified.

27. Actinal view of the test : magnified.

28. Longitudinal profile of the test : magnified.

4. EcHiNOCYAMUs NUMMULiTicus, var. PLANUS. Plate XXV, Figs. 29-32.

The test is low and depressed, elongate and pentagonal, and the abactinal surface is

very slightly convex. The actinal surface is more or less plane, but well rounded on to the

sides, and there is a subrostral prominence anteriorly, and a slight concavity of the whole

surface occurs, running transversely through the peristome. Length of test 7'5 millim.

Locality. In the Khirthar series of strata. Twenty-four miles west of Kotri (en-

tering the hills on the road to Bula Khan's Thana). Survey-number '^~.

Illustrations of the Variety in Plate XXV.

Fig. 29. Abactinal view of the test : natural size.

30. The same : magnified.

31. Actinal view of the test : magnified.

32. Longitudinal profile of the test : magnified.

5. EcHUsOCYAMUs KOTUNDUS, Buncan & Sladen. Plate XXV, Figs. 33-37.

There is a solitary specimen which we are unable to refer to any previously known

form of Echinocyamus ; and although it is difiicult to make out some of the details of

structure as thoroughly as might be desired, the general characters appear to be so well

t2



136 THE FOSSIL ECHINOIDEA

marked and distinctive that we feel obliged to regard it as an independent species. No
other Clypeastroids were obtained from the same locality.

The size of the specimen is large for the genus ; the marginal contour of the test

is almost circular, slightly protruding posteriorly. The longitudinal profile is almost

regularly convex, but slightly more tumid anteriorly than posteriorly ; the transverse

profile is regularly convex, with no tendency to a subconical form, and the height of

the.test is not great. The margin is well and evenly rounded, passing over impercep-

tibly to the actinal surface, which is somewhat flattened ; and there is scarcely any

impression around the peristome.

The.apical disk is small and central; and the four genital pores are large and

occupy nearly the whole of the genital plates. The anterior pair of plates are placed

close together ; and the madreporic puncture, instead of being situate between them

as in the preceding species, is pushed forward towards the middle of the system.

The ocular plates are exceedingly minute, and fit in at the outer portion of the

juncture of the genital plates. The posterior pair of genital plates are wider apart than

the anterior pair, and their distance apart is greater than that separating an anterior

from a posterior pore on the same side.

The ambulacral petals are comparatively long and rather more developed in

character than usual in Hchinocyamus. The poriferous zones are straight and diverge

as they proceed outward ; this character is most marked in the odd anterior ambula-

crum, which is much wider than the paired petals. In this petal the interporiferous

area is three, or even more, times the width of the poriferous zone and wedge-shaped

in outline ; but in the paired petals the interporiferous area is only a little wider than

the poriferous zone. The interporiferous area is perfectly flush with the level of the

test, and there is no tendency to form a keel. The pores are equal or subequal, and

faintly elliptical and placed oblique, and the pores of a pair are almost equidistant

throughout the ray, and there is no trace of conjugation whatever between the pores.

There are ten or eleven pairs of pores in the odd anterior petal, and nine or ten in the

paired petals, with one or two single pores in each.

The peristome is pentagonal and very slightly excentric posteriorly, only a shade

removed from the subcentral position. The periproct is small and elongately oval,

rather nearer to the peristome than the posterior margin. No further details respecting

these structures can be made out, in consequence of the manner in which the test is

preserved.

The tuberculation of the test is minute and uniform. The primary tubercles

are sunken in scrobicules, and more numerous and crowded than in the preceding

species; and the interspaces are consequently smaller and more homogeneous in

character. -^

.

Dimensions. ^^^-^

Length of the test 9

Breadth of the test 8-75

Height of the test 5

Locality. In the Khirthar series of strata. North by east of Meting. Survey

number -gg-.
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Illustrations of the Species in Plate XXV.

Fig. 33. Abactinal view of the test : natural size.

34. Abactinal view of the test : magnified four times.

35. Actinal view: magnified four times.

36. Longitudinal profile : magnified four times.

37. Apical disk: magnified.

Gemis SISMONDIA, Desor, 1857.

Test of small or medium size, subpentagonal or ovoid, depressed, inflated at the margin.

Ambulacral summit central or subcentral; apical system compact, four generative

pores.

Ambulacra petaloid, usually long, and more or less open at their extremity. Pores

united by a conjugating furrow. Interambulacral areas of the test supported internally

by a pair of strong, complex, vertical partitions.

Peristome central, sometimes impressed.

Periproct rounded, placed between the peristome and the margin.

Prior to the establishment of this genus by Desor, the species included therein

had usually been placed in the genus Echinocyamus. Sismondia is distinguished by

the form of the test, by the well-developed petaloid ambulacra, by the conjugate pores,

and by the greater development of the internal partitions.

1. Sismondia poltmorpha, Duncan & Sladen. Plate XXV, Figs. 1-13.

Form depressed, marginal contour subovoid, with a tendency towards the penta-

gonal, the outline being slightly contracted anteriorly and feebly truncate posteriorly.

Abactinal area almost plane, excepting the costulate interporiferous areas of the petals.

The height of the test is small and is rather less posteriorly than anteriorly, the abac-

tinal surface sloping slightly from the apical centre of the disk to the posterior extremity.

The margin is thick and well rounded, almost tumid. The actinal surface is slightly

concave, the test being regularly and evenly depressed around the peristome.

The apical system is subcentral or very slightly excentric in front. The apical

disk is flush with the test and comparatively broad. There are four large genital

plates all touching one another; the genital pores are large and round, and the

anterior pores are much nearer together than the posterior. There is no true

madreporiform body, but a single, round, madreporic pore is present, situated rather

nearer to the right anterior generative pore than the centre of the apical system.

The ocular plates are very small and somewhat escutcheon-shaped, with the apex

directed away from the disk ; and they occupy a place at the junction of two neigh-

bouring genital plates. The ocular pits are minute and elongate or slit-like ; and in

well-grown specimens the portion of the plate on the outer side of the pit away from the

centre is somewhat elevated, and forms a slightly raised embankment round the aperture.

The ambulacral petals are broad, subequal, equal in length to two thirds of the

distance between the apex and the margin ; widely open at the extremity, where the

poriferous zones are slightly bent outward. The poriferous zones are equal ; the pores



138 THE FOSSIL ECHINOIDEA

are round, the pairs slightly oblique, and the conjugation scarcely perceptible. The

pores of a pair are wider apart at the inner third of the zone and approximate gradually

as they proceed outward, and rapidly towards the apex—a structure which emphasizes

the marked and graceful petaloid curve of the zones. There are about twelve pairs of

pores in each zone. The interporiferous area of the petal is sublanceolate in outline and

very broad, equal in width to more than twice that of the poriferous zone at the widest

part. The interporiferous area within the petal is costulate or tumid—a feature usually

more marked in the posterior pair of petals than in the other three. The posterior

petals are more disticntly petaloid in outline, in consequence of the poriferous zones

visibly curving inward and reducing the breadth of the interporiferous area towards the

extremity of the petal. In the three anterior petals the inner series of pores, after

attaining the place of the greatest breadth of the petal, form an almost straight line, and

the interporiferous area is consequently little, if at all, contracted towards the outward

extremity of the petal. The anterior odd petal is slightly smaller than the others.

There are no large pores in continuation of the petal-series visible on the actindi

surface, but in their place a very great number of minute and closely crowded foramina

occupy the whole of the horizontal sutures between the ambulacral plates and also the

vertical sutures along the line of junction of the ambulacral and interambulacral plates,

the horizontal series being much more crowded and numerous close to the peristome.

The peristome is central, subdecagonal, and with the margin bevelled inward. The

pair of buccal or peristomial pores which open into the peristomial margin of each

ambulacrum are conspicuous but closely placed ; and there is a slight, tubercular, roof-

like development over each pair. The periproct is circular, nearly two thirds the

diameter of the peristome, and is situated nearer to the margin than midway between

the peristome and the posterior extremity. The tuberculation of the test is minute,

sunken in deep scrobicules, and rather widely spaced.

Variations. Considerable variation occurs within certain limits in the shape of the

marginal outline of the test ; and these changes of form are found to be altogether

irrespective of size or age when a large series of specimens is examined, such as that

furnished by the present collection. The contour may assume almost any form between

an elongate ovoid, similar to that usually presented by the small existing species of

Echinocyamus {E. pusillus), and the ovoid pentagonal test characteristic of such living

urchins as Clypeaster subdepressus.

Memarks. This species presents some alliance to Sismondia Scemanni, de Loriol,

from the Nummulitic of Egypt, but appears to differ in the more pentagonal outline,

the more inflated margin, the wider and more open petals, and probably also in the

character of the costulation of the interporiferous areas.

A variety, var. siLfflata, nobis, occurs in the Nummulitic of Kachh.

Dimensions. The largest specimen measures 11 millim. in length, 10 millim. in

breadth, and about 3 millim. in height.

Others measure lO'D millim. long, 9-00 millim. broad, and about 2-75 high.

9-3 „ 8-25 „ „ 3-00 „
7-0 „ 5-50 „ „ 2-00 „
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Locality. In the Khirthar series of strata ; three or four miles south of Trak

Hill, Survey-number -[247-

Illustrations of the Species in Plate XXV.

Figs. 1-8. Abactinal view of a series of specimens, to show the variations of the
.

mar-

ginal outline : natural size.

9. Abactinal view of the test of the same specimen as Fig. 8 : magnified 2| times.

10. Actinal view of the same specimen : magnified 2^ times.

11. Longitudinal profile of the same specimen: magnified 2-| times.

12. Apical disk and surrounding portions of the test: magnified.

13. Peristome and surrounding portions of the test : magnified.

Suborder ATELOSTOMATA.

Family CASSIDULIBJE.

Subfamily ECEINONEINM.

Oenus AMBLYPYGUS, Agassiz, 1840.

Test of large size ; marginal contour subcircular or ovoid, more or less convex above

and concave beneath, with thick margins.

Apical summit subcentral. Apical disk small and compact; four generative

and five ocular pores ; the madreporiform body occupying the whole of the central

portion.

Ambulacra petaloid, widely open at the outer extremity, reaching nearly to the

margin. Poriferous zones with the inner pores round and the outer pores elongate, the

pairs united by a conjugating furrow. The extrapetaloid ambulacral plates are each

punctured by a pair of very minute pores, placed diagonally and close together ; and

this extrapetaloid portion of the poriferous zone forms a straight, narrow, simple line

of pores, often scarcely visible at the margin, extending to the peristome.

Peristome subcentral, oblique, subpentagonal, with irregular sides.

Periproct very large, oval or pyriform, with the major diameter in the direction of

the longitudinal axis of the test, situated between the peristome and the posterior

margin. Ornaipentation very homogeneous. Tubercles very small, crenulate and

perforate, placed in scrobicules uniformly distributed over the surface of the test, the

intermediate space being occupied by fine miliary granulation.

This genus is nearly related to EcMnoneus, as we have shown in the " Description

of the Fossil Echinoidea of Kachh and Kattywar " (Pal. Ihd. ser. xiv.). The oblique

peristome, the size and position of the periproct, and especially the structure of the

ambulacral plates, with the continuous series of double pores, indicate unquestionably

a much closer alliance than has hitherto been recognized between the two genera.

In the work just noticed we have discussed at length the various species hitherto

included in the genus Amhlypygus. The species from Kachh, along with the present

series from Sind, constitute a remarkable assemblage of forms.
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1. Ambltptgtjs subkotundus, Duncan & Sladen. Plate XXVI, Figs. 1-14.

Test subdepressed ; marginal contour subcircular, the length exceeding the breadth

in a very slight but variable degree. The height is less than one half the breadth, and

proportional to the length as 0*41 : 1, the dorsal surface being regularly convex, and

the margins thick and well rounded. The anterior slope of the longitudinal profile is

straighter and more inclined than the posterior portion of the profile, which is more

arched and bombous, the test being thicker and more bombous in the area comprised

by the three posterior interradia than anteriorly; this character faintly presents its

greatest development along the median line of the odd posterior interradium, but the

whole test is so evenly rounded that no definite carination is produced. The outline of

the transverse profile is a regular, gentle, convex curve, with no tendency towards a

conoid form. The actinal surface is subconcave, with the peristome rather deeply

sunken and the surrounding portion of the test bombous, having a convex curve, which

forms a gently rounded continuation of the almost inflated margin. On the ventral

surface of some specimens there is a faint development of tumidity ih each of the

columns of plates of the interradia, the feature being most definite in the odd posterior

interradium, where it produces the appearance of a very faint wide groove, passing from

the periproct towards the margin.

The apical disk is slightly excentric in front, being distant from the posterior

extremity -^qq of the entire length of the test. The generative pores, which are four

in number, are very large and slightly oval in shape, occupying nearly the whole of

their plate ; the anterior pair smaller and nearer together than the posterior pair. The

generative plates are all separated by prolongations of the central madreporiform

portion of the disk, which is in connexion with the right anterior generative plate, the

central portion being subcruciform in shape. The ocular plates are very small and

subpentagonal in shape, a straight base being apposed to the extension of the central

mass which separates the neighbouring generative plates. The two posterior ocular plates

do not touch, although no portion of the central plate extends beyond their base-line.

The ambulacra are flush with the surface of the test, or with the poriferous zones

very faintly sunken ; they are moderately wide, and the petaloid portion extends quite

to the ambitus. The posterior pair are rather wider than the anterior pair, and these

again are rather wider than the odd anterior petal, which is the narrowest.

The series of pairs of pores extends uninterruptedly from apex to peristome, the

inner pores forming a straight continuous line ; the two lines thus formed by the com-

panion zones of a petal diverge from one another gradually as they proceed from the

apex, and converge again slightly on the ventral surface as they approach the peristome.

On the upper portion of the ambulacra (the petaloid part) the poriferous zones are wide,

the pores being wide apart and conjugate, having the inner pore round and the outer

one elongate and connected by a furrow. The intervening dissepiment is rather broad,

and is ornamented with a single line of small miliary granules. The outline formed by

the petal is lanceolate, and the widest part is at about two thirds of the distance from

the apex to the margin. The widest part of the poriferous zone is nearer the apex,

nearly midway between the margin and the apex ; at this point the poriferous zone is
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r^ of the width of the interporiferous area, and thence the width of the poriferous

zone decreases gradually to the margin. The widest part of the interporiferous area is

at the margin, where it is slightly wider than twice the width of the poriferous zone at

its widest part. The petaloid portion of the poriferous zone passes gradually and almost

imperceptibly into the extrapetalous part, the pairs of pores being continuous throughout.

In the extrapetalous part of the area both pores are small and round, and separated

only by a very narrow dissepiment ; and the pairs are placed oblique, their distance apart

and the angle of obliquity to the horizontal increasing as they approach the peristome.

The structure of the ambulacra is interesting, for, notwithstanding the strict uni-

serial character of the poriferous zone, the poriferous plates are distinctly divisible into

triplets, this arrangement being regular and invariable in the petaloid and in the extra-

petaloid parts of the zone alike. Throughout the whole zone a smaller plate is inter-

calated between two larger plates, and of these the adoral is always slightly the largest.

The small intercalated plate. is only just large enough for its pair of pores, and scarcely

extends into the interporiferous area. In the petaloid part of the zone the small plate

is long and narrow (fig. 6), and in the extrapetaloid part it is almost equilaterally sub-

triangular (fig. 7). On the actinal portion of the test the large poriferous plates are

much deeper (^. e. longer), and consequently the pairs of pores are wider apart (fig. 8).

In the petaloid portion of the zone the inner pore is marginal, indenting the adoral edge of

its plate ; in the extrapetalous portion both pores are within their plate, and equidistant

from the ad- and aboral margins. Reference to the figures of these diff"erent paxts of

the poriferous zone will give a better idea of the arrangement of the plates and pores

than a lengthy verbal description.

The ornamentation of the interradial portions of the test consists of a great number

of small, uniform, equidistantly spaced primary tubercles, faintly crenulated, and with

a small perforated mamelon, placed in a shallow scrobicule, surrounded by a rim of

small, uniform, distinct miliary granules. Occasionally the single ring of granules which

separates neighbouring scrobicules is augmented by additional granules, and a few extra

ones fill up the interspaces. At the margin the primary tubercles are rather more

crowded, and on the actinal surface they are a shade larger. The ornamentation of the

interporiferous areas is precisely similar to that of the interradia.

The peristome is slightly excentric in front, and placed in a well-developed

depression of the test ; it is large, subpentagonally oblong in form, and oblique

in position, the longer axis being directed towards the right anterior interradium.

The periproct is very large, and occupies more than half the area between the

peristome and the margin ; it is longitudinally elongate and subpyriform, and its length

is fully one third more than the greater diameter of the peristome. The contracted

portion of the pyriform aperture is directed towards the peristome, and the distance of

this extremity from the peristome is usually less than that which intervenes between

the aboral margin of the periproct and the margin of the test.

Variaiions. The chief modifications, distinct from those dependent on growth, which

may be noticed in the material at our disposal are as follows :—(1) a slight increase in

the relative proportion of length to breadth ; (2) a greater uniformity in the curvature

U
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of the anterior and posterior slope of the longitudinal profile, arising from the com-

paratively less tumid character of the posterior portion of the test—this variation

being accompanied, in specimens from localities ii. and iii. (Survey-numbers ^|p and

^^), by a slightly greater prominence along the median line of the posterior odd

interradium, amounting almost to a faint rostration at the posterior margin.

The greatest amount of modification from the normal type occurs in specimens frona

locality ix. (Survey-number ^^). This form appears so well marked that we pro-

pose to distinguish it nominally as var. conicus. It differs from the typical A. subro-

tundus in the following points :—The proportion of the length to the breadth is greater

than in the type, the apex is proportionately higher, and the anterior portion of the

marginal contour is more contracted and less bombous in the area circumscribed by the

anterior interradia. Seen in longitudinal profile, both the posterior and the anterior

slope form much steeper declivities, the curvature of the posterior being only very '

slightly more bombous than the anterior one. From this it will be seen that the test

has a subconoidal appearance. The margins are less thick, the distance between the

periproct and the peristome is perhaps greater than usual, and the position of the peri-

stome more excentric, whilst that of the apical disk is subcentral. Unfortunately the

specimens are much weathered on the abactinal surface, and not well preserved.

Along with the above notices of variations, mention should also be made of two

examples which we find amongst a series of small (young) specimens. The tests are

unquestionably immature, but differ from the others in the higher and conoidal cha-

racter of the dorsal area, in the margin being less thick and tumid, and in the peculiar

subpentagonal marginal contour, expanded opposite the anterior petals, and contracted

posteriorly, where the odd interradium is subrostrate. Possibly this may prove to be

the young of a different species ; but for the present we do not feel justified in drawing

any definite conclusions, in consideration of the immature state of the specimens.

There are also portions of three or four tests from locality viii. (Eri Hill, Survey-

number
-^f^)

which are only referred to this species with considerable hesitation ; they

may possibly belong to a distinct form. The fragments are well preserved, but are

insufiicient for positive determination.

Premature Form. In young specimens of 40 millim. length the test is suboval in

outline, with very thick margins and an almost regular convex dorsal area, which is

generally higher over the whole surface than in the adult—the height at the apex being

proportional to the length as 0-50: 1. The ambulacral petals are well developed and

present the characters of the mature form. With increasing age and size, the height

does not increase proportionately with the other dimensions of the test, and the margins

become also relatively less thick. In a specimen 58 millim. long the regular convex

curve of the dorsal surface, the strikingly pulvinate character of the actinal area, and

the thick tumid margins are very characteristic. In this specimen the proportion of

length to height is as 1 : 0-43. It is not until the test is fully grown that the almost

circular form of the marginal outline is attained, and the posterior portion of the test

becomes more tumid and generally higher than the anterior part.
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From these observations we may deduce that in the young stages of Amhlypygus

subrotundus the test is more elongate, higher, with thicker margins and uniformly

convex dorsal surface, and that these modifications produce a stout, elliptical form, very

different in general character from that possessed by the mature animal.

Remarks. This species approaches A. dilatatus, Agassiz, but is distinguished from

that form by the general rotundity of the test, its greater height, and the higher

and more tumid character of the posterior portion ; the margins are proportionally

thicker and more tumid, the poriferous zones appear to be wider, and the actinal

portion of the zone is not sunken in a furrow. The periproct differs somewhat in shape,

being more pyriform, and is further removed from the posterior margin. The apical

system is perhaps rather more excentric.

Type specimen from locality i.

Dimensions.

(Survey-number ^) :—

Length of the test

Breadth of the test

Height of the test

From centre of apical disk to posterior extremity

„ „ „ anterior extremity

Greatest width of the poriferous zone . . .

Width of the interporiferous area at the above pla

„ „ „ at the margin

Greatest width of the postero-lateral petal . •

„ „ antero-lateral petal . .

„ ,, odd anterior petal . .

The proportion of length to breadth = 1:0

„ „ to height =1:0

Other specimens measure :

—

ce

95

40

millim.

80

76

32

44

36

2-75

4-25

6

10-75

9-70

8-80

Length
in millim.

90
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Localities.

In the Khirthar series of strata :

—

i. River-section east of Trak. Survey-number ^?|?.

ii. Hilly ground south-east of Trak Hill. Survey-number ^|^.

iii. Kuni range, east of Trak. Survey-number ^|^.

iv. North-east of Kale-ka-Kua, seven miles south-east of Trak. Survey-number
G302
127

•

V. Exact locality not known ; said to be near Kotri, probably the hills vrest of

Kotri. Survey-number ^|^.

vi. Twenty-four miles west of Kotri (entering the hills on the road to Biila Khan's

Thana). Survey-number ^°.

vii. Gorge of the B aran river, north-east of Bula Khan's Thana. Survey-number

G280
71* •

viii. Eri Hill (south-west side), Sumbak range. Survey-number ^|5?.

Variety conicus:

ix. Dharan Pass (east side), near Laki. Survey-number ^^.

Illustrations of the Species in Plate XXVI.

Fig. 1. Abactinal view of the test: natural size.

2. Actinal view of the test: natural size.

3. Longitudinal profile of the test : natural size.

4. Apical disk, from another specimen, slightly weather-worn : magnified.

5. Portion of the actinal surface of the same specimen: magnified.

6. Arrangement of the ambulacral plates near the middle of a petal : mag-

nified.

7. Arrangement of the ambulacral plates near the ambitus : magnified.

8. Arrangement of the ambulacral plates on the actinal surface, midway between

the peristome and the margin : magnified.

9. Abactinal view of the test of a young specimen, measuring 40 millim. in

length : natural size.

10. Longitudinal profile of the same specimen : natural size.

11. Abactinal view of the test of a young specimen, measuring 58 millim. in

length : natural size.

12. Actinal view of the same specimen : natural size.

13. Longitudinal profile of the same: natural size.

14. Variety conicus. Longitudinal profile: natural size.

2. Ambltpygus patell^foemis, Duncan 8f Sladen. Plate XXVII, Figs. 1-3.

Test subdepressed, marginal contour subovoid, the length being distinctly greater
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than the breadth, regularly rounded in front, and contracting along the sides towards

the posterior extremity, where a faint trace of rostration is produced. The height is

less than one half the breadth, and is proportional to the length as 0'33 : 1. The dorsal

surface is regularly convex, and the margins are not particularly thick or tumid, the

curvature of the dorsal area being more arched and continuing nearer to the ambitus

than in A. subrotundus. In the longitudinal profile of the test the posterior and the

anterior slopes are nearly equal in curvature, the latter, however, being slightly more

tumid. The transverse profile shows a regular and well-developed convexity, merging

into the comparatively thin, rounded margin. The actinal surface is almost flat, and

has nothing of the pulvinate character usual in the species of this genus, the flatness

terminating with only a comparatively slight and abrupt rounding at the extreme margin.

There is a slight depression towards the peristome, but unfortunately that portion of

the test and its immediate neighbourhood is concealed by a mass of matrix.

The apical disk is slightly excentric in front ; but nothing can be said about its

structure, owing to the destruction and obliteration of this part in both the specimens

we possess. Indeed the whole of the abactinal area is in such a bad state of preserva-

tion that only the general features can be indicated.

The ambulacra are flush with the surface of the test, and the poriferous zones

contract somewhat rapidly after attaining the maximum width, the petaloid portion thus

appearing to terminate a little before the margin is reached. The outer line of the

posterior poriferous zone in both pairs of petals is somewhat more curved than the com-

panion zone ; and in the posterior ambulacra the whole petal is slightly bent forwards

(i. e. away from the posterior extremity) before passing over the margin, the curve being

very marked when the interporiferous area is examined independently. The posterior

pair of petals are rather widei: than the anterior petals. The widest part of the pori-

ferous zone is situated rather nearer the outer than the apical extremity of the petal, and

at this point the poriferous zone is ^g- of the width of the interporiferous area, and

thence the decrease in the width of the zone takes place rather rapidly. The greatest

width of the petal is situated a little nearer the extremity of the petal than the point

of greatest poriferous width. The widest part of the interporiferous area is at the

margin, where it is slightly greater than twice the width of the poriferous zone at its

widest part.

The ornamentation of the dorsal surface is almost entirely destroyed ; and the

traces that remain are so faint that it is impossible to' make any useful observations in

this direction. On the actinal surface the primary tubercles are smaller and more

widely spaced than in A. subrotundus, and are surrounded by simple rings of miliary

granules, which appear to stand somewhat isolated and distinct, in consequence of the

intermediate spaces being unoccupied by granules.

The whole of the peristome and a portion of the periproct are concealed by matrix.

The periproct is elongate and pyriform, the aboral margin being well rounded. The

aperture is 14 millim. long and 7"5 millim. broad, and its aboral extremity is not more

than 5 to 6 millim. distant from the extreme margin.

Bemarks. This species is distinguished from its Indian congeners by the flatness of
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the actinal area, the comparatively thin and angular margin, and the well and uniformly

arched dorsal surface ; it is further characterized by the curve of the posterior petals,

the subrostrate form of the posterior extremity, and perhaps also by the smaller and

scantier primary tuberculation. When compared v?ith a specimen of A. suhrotundus

of precisely similar size, these differences are very striking ; they also appear to be

sufficient to distinguish the species from the other known members of the genus.

Dimensions of type specimen.
miUim.

Length of the test 60

Breadth of the test 55

Height of the test 20

Greatest width of the poriferous zone 2*25

Width of the interporiferous area at the above place 4

„ „ „ at the margin . . 5-5

Greatest width of the postero-lateral petal .... 8-75

„ „ anterior petals 8

The proportion of length to breadth = 1 : 0'916.

The proportion of length to height = 1:0-333.

Locality. Khirthar series of strata. Hilly ground south-east of Trak Hill.

Survey-number ^||-.

We also refer to this species a second specimen found at Rois Hill, near Damaj,

south of Bula Khan (Khirthar series). Survey-number ^5^.

Illustrations of the Species in Plate XXVII.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test : natural size.

3. Amblt:ptgus tumidus, Duncan & Sladen. Plate XXVII, Figs. 4-6.

There is a test of a fine species oiAmblypygus from the Khirthar series, but which

unfortunately is so much obscured with matrix and otherwise badly preserved that only

a partial description can be given. The test is high, with marginal contour subovoid,

the greatest breadth being a little behind the anterior ambulacra, and the curve of the

outline being sharper and more contracted posteriorly than anteriorly. The height is

greater than half the breadth, and proportional to the length as 052 : 1, and the

margins are thick and tumid. The curvature of the anterior slope of the longitudinal

profile is less bombous than the posterior ; and the posterior part of the test, as a

whole, is thicker (higher) than the anterior. The transvere profile of the test shows a

uniform convex curve of fair elevation. The actinal surface has a bombous aspect, and

appears to have a very slight central concavity. The ambital margin does not at all

overhang, but is bevelled away and well rounded.
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The apical disk is concealed by matrix, but is probably central, or only very

slightly excentric in front.

The ambulacra are flush with the surface of the test and lanceolate in outline ; and

the two lines of inner pores are straight, and converge gradually from the ambitus to the

apex. The greatest width is at about two thirds the distance from the apex to the

margin, the broadest part of the poriferous zone being somewhat nearer the apex

;

from this point of greatest breadth the poriferous zone contracts gradually until the

margin is reached, the petaloid portion extending almost to the ambitus. The pori-

ferous zone at its broadest part is five eighths of the width of the interporiferous area.

The interporiferous zone is widest at the margin, and is there a little more than twice

the width of the broadest part of the poriferous zone. The conjugate pores of the

petaloid portion of the ambulacra are united by a well-defined furrow, and adjoining

pairs are separated by a rather narrow septum ornamented with a single line of small

miliary granules.

The state of preservation of our specimen unfortunately does not permit of any

remarks being made on the character of the ornamentation of the test.

The peristome is entirely hidden by a mass of matrix which covers a large portion

of the actinal surface, and leaves only a part of the posterior mai'gin of the periproct

exposed. The aboral margin of this aperture is well rounded, and is probably distant

from the ambitus nearly the length of the periproct.

Memarks. This species is readily distinguishable from the other Sindian forms of

Amblypygi ; and its nearest ally is to be found in A. alius, nobis, from the white lime-

stone of Kachh (Cutch). The present species differs chiefly in the following points,

viz. :—the more elongate and oval test, which is less in height and also much less bombous

dorsally throughout the posterior half; the more generally tumid character of the

actinal ' surface, and the absence of the transverse depression or curvature of that area,

which is more or less conspicuous in the longitudinal profile-view of the test in A. alius

;

the ambulacral petals are much narrower, and the interporiferous areas more con-

tracted, and the periproct is smaller, narrower, and placed at a greater distance from

the margin.

Dimensions.
millim.

Length of the test 74

Breadth of the test 66

Height of the test 39

Greatest width of the poriferous zone 2'50

Width of the interporiferous area at this part ... 4

Greatest width of the interporiferous area . . . . 5 '5

Greatest width of an antero-lateral petal .... 9

The proportion of length to breadth =: 1 : 0'89.

The proportion of length to height = 1 : 0-52.

Localiiy. In the Khirthar series of strata. Outer (eastern) ridge of the Kambhu

range, west of Batchani on the Bavan. Survey-number -^^.
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Illustrations of the Species in Plate XXVII.

Fig. 4. Abactinal view of the test : natural size.

5. Actinal view of the test: natural size.

6. Longitudinal profile of the test : natural size.

4. Amblyptgus latus, Duncan & Sladen. Plate XXVII, Figs. 7-9.

Test depressed, marginal contour subcircular, dilated transversely, the greatest

diameter being situated a little behind the antero-lateral ambulacra. The rounding of

the posterior portion of the marginal outline' is somewhat flattened, and that of the

anterior part more regularly circular. The height of the test is two fifths of the

breadth, and proportional to the length as 0'41 : 1 ; and the dorsal surface is low but

regularly convex, the margins being thick and tumid. The anterior slope of the

longitudinal profile is more rapid than the posterior portion, and the test, as a whole,

is rather more bombous along the lines of the posterior ambulacra than elsewhere.

The transverse profile of the dorsal surface shows a regular convexity of wide curvature.

The actinal surface is concave, the peristome being well sunken, and the surrounding

portions of the test bombous, the convex curve merging without interruption with that

of the inflated margin.

The apical disk is excentric in front, being distant from the posterior extremity

To'(S of *h6 entire length of the test. There are four generative pores, which are

rather small, and the anterior are slightly nearer together than the posterior pair.

One of the posterior pores is long and slit-like in the specimen under notice. The

ocular plates are very small. The central madreporiform body is ornamented with a

few small and rather widely-spaced granules.

Tlie ambulacra are flush with the surface of the test and moderately wide ; and

the petaloid portion dies out before the actual margin is reached, where the dorsal

surface commences the sharper curve of that part of the test. The ambulacra are

equal, and the widest portion is situated somewhat nearer the apex than in the pre-

ceding species, and corresponds almost exactly with the widest part of the poriferous

zone ; at this place the width of the poriferous zone is exactly one half that of

the interporiferous area. The interporiferous area attains its greatest width at the

margin, where it is more tha.n three times the width of the broadest portion of the

poriferous zone. The outline of the petal is lanceolate ; and the poriferous zones, after

attaining their greatest width, taper off' somewhat rapidly in breadth to the extremity

of the petaloid portion of the zone. The conjugate pores are united by a well-defined

groove, and the intervening septa are broad and ornamented by a single line of com-
paratively large granules. The extrapetalous portion of the zone consists of pairs of

pores throughout, and is flush with the actinal surface of the test, no trace of any
groove being present. The details of the structure of the ambulacra are similar to

those described in the preceding species.

The ornamentation of the specimen has, unfortunately, been very badly preserved.
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As far as can be made out, the primary tubercles of the abactinal surface appear to be

somewhat more widely spaced than in the preceding species, and with wider granulated

interspaces between the scrobicules ; but only the faintest indication of their former

presence remains here and there, and not a trace of the ornamentation of the actinal

surface is preserved.

The peristome is subcentral or only very slightly excentric in front, and sunken in

a well-defined depression of the actinal surface ; it is large, irregularly subpentagonal,

and oblique, the major axis being directed towards the right anterior interradium.

The periproct, although large, and its length slightly greater than the larger

diameter of the peristome, is smaller proportionally than in any of the other species

described. It is subpyriform, with the contracted extremity directed towards the

peristome, the intervening distance being nearly equal to its own length. It is placed

mucli nearer to the margin of the test.

Eemarks. This species is, perhaps, nearly related to A. dilatatus, Agassiz, but

appears to be well distinguished by the greater lateral expansion of the test, the more

excentric position of the apical disk, and the more tumid margins. The poriferous

zones are relatively broader, and the petals, as a whole, are perhaps narrower in the

Sind specimen ; the peristome also appears to be more deeply depressed, and the actinal

surface more strikingly pulvinate. The periproct is smaller than in any other species

of Amblypygus, whilst it is remarkably large in A. dilatatus ; and there is no trace

whatever of the furrows in which the poriferous zones of that species are sunken on

the actinal surface.

Dimensions.

millim.

Length of the test 53-5

Breadth of the test 55

Height of the test 22

From centre of apical system to anterior extremity . 23

» 5j posterior extremity . 30-5

Greatest width of the poriferous zone 1-75

Width of the interporiferous area at this place . . 3-50

55 ,> at the margin . . 5-75

Greatest width of a petal 6'75

The proportion of length to breadth = 1 : 1-028.

to height = 1 : 0-411.55

G280Locality. In the Khirthar series of strata : Eohri, Upper Sind. Survey-number ^
Illustrations of the Species in Plate XXVII.

Fig. 7. Abactinal view of the test: natural size.

8. Actinal view of the test : natural size.

9. Longitudinal profile of the test : natural size.

X
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Sulfamily ECHINOLAMPINM.

Genus EOLAMPAS, Duncan & Sladen, 1882.

(See anted,, p. 61, Part ii.)

1. EoLAMPAS BXCENTEicus, Buncan & Sladen. Plate XXXI, Figs. 11-15.

Test of small or medium size. Marginal contour an oval escutcheon-shape, rounded

in front, expanding gradually up to the point of greatest breadth, which is situated on

a line with the outer extremities of the posterior petals, and from thence the outline

contracts rapidly to form the rather prominent posterior rostration. The greatest

breadth is about five sixths of the length, or as 0-83 : 1 ; the test, however, having a

more elongate appearance than those figures would seem to indicate, consequent on the

peculiarity of shape. The dorsal surface is subdepressed, generally convex, forming a

subconoidal peak at the apical summit, and a more or less definite trace of carination

along the median line of the posterior interradium. The actinal surface is almost flat,

very faintly depressed in the region of the peristome, and merging outwardly into the

rounding of the margin. The margin is well-rounded, moderately thick and tumid.

Seen in longitudinal profile the extreme excentricity of the apical summit is remarkable,

causing the anterior slope or curve to be rapid and precipitous, whilst the posterior

slope is a gentle and gradual incline, until the posterior rostration is reached, over

which it bends with a rapid well-rounded curve, terminating vertically. Seen in trans-

verse profile the dorsal outline is markedly subcorneal.

The apical disk is small and very excentric in front, its distance from the anterior

extremity being three tenths of the length of the test. There are four generative pores,

the anterior pair being much closer together than the posterior pair ; and five ocular

pores, which are small and inconspicuous, excepting the odd anterior one, which appears

to be larger and more deeply sunken than the rest.

There are only four ambulacral petals, the odd anterior ambulacrum being aborted.

In the place of the pairs of pores of the odd anterior ambulacrum slight grooves are

to be seen amongst the ornamentation, which are much more numerous than the pairs

of pores in the other ambulacra ; and occasionally in small specimens there is the

indication of a very minute single pore here and there, but in large examples even

these appear to be aborted. The paired petals are long and narrow, slightly converging

towards the outer extremity, and the anterior pair are rather shorter than the posterior

pair. The poriferous zones are equal, comparatively broad, and more than half the

width of the interporiferous area. The pores are very small, round, wide apart, and

are united by a well-defined conjugating furrow, the direction of which is oblique, in

relation to the median line of the petal. The furrows are separated by rather broad

costee, ornamented with a single line of 5 or 6 small uniform-sized granules. The inter-

poriferous areas are flush with the surface of the test, and their ornamentation is

similar to that of the interambulacral areas of the test. The petals in their direction

are nearly straight, the anterior pair being widely divergent and enclose a large angle,

whilst that enclosed by the posterior pair is small.

The peristome is small, transversely, oval, slightly angular laterally, and its position



OF WESTERN SIND. 151

is excentric in front, but much, less so than the apical disk. It has low vertical walls,

which extend upwards into the interior, with the surface covered with rather large

uniform granules. No development of bourrelets takes place, and there is no expansion

of the ambulacra near the peristome, although in some specimens the semblance of a

phyllode is produced by the deep and conspicuous puncture of the pores in this region,

and more especially by the presence of large pits (probably for sphseridia) in the inter>^

poriferous area near the peristome.

The periproct is small, transversely oval and inframarginal, placed on the lower

part of the marginal rounding, the plane of the orifice being consequently at an angle

to the actinal surface, and visible when the test is viewed from behind.

The ornamentation consists of small primary tubercles in sunken scrobicules,

uniformly and equidistantly distributed over the test, the interradial spaces being

occupied by comparatively large distinct granules, which usually form a single circlet

round each scrobicule, but occasionally a few intermediate granules are present between

neighbouring circlets or at the angles.

Bemarlcs. This Echinoid has an unmistakable facies, diflferent from any other form.

It is strikingly characterized by the peculiar shape of the test, the excentricity of the

apical summit, and the abortion of the odd anterior ambulacrum. It differs from the

species found in the Eanikot strata, Eolampas anticursor, nobis, by the more depressed

test, by the peculiar escutcheon-shaped outline of the marginal contour, with the

marked expansion behind the posterior petals, by the tendency to carination along

the abactinal area, and the consequent subconoid profile when viewed transversely.

The ambulacral petals are longer and their relative proportions inter se are

different.

. The form appears very constant, and is represented by a number of examples from

several localities. In the smaller specimens, however, the dorsal carination and the

depression of the test posteriorly, as well as the expansion laterally behind the line of

th& posterior petals, do not appear so marked.

Dimensions.

a. h. c.

millim. millim. millim.

Length of the test, 18-5 14 9-5

Breadth of the test 15-5 11-25 8

Height of the test 9-5 8-5 5-5

Localities. In the Khirthar series of strata :

—

i. Lowest scarp under Karothur hill, eight miles east-north-east of Jungshahi
Gr 2R0

(at the base of the group). Survey-number -y^g-.

ii. Three or four miles south-south-east of Meting (at base of the scarp).

Survey-number -j^ .

iii. On the road about four miles west of Kotri. Survey-number -j^.

x2
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Illustration of the Species in Plate XXXI.

Fig. 11. Abactinal view of the test: natural size.

12. Actinal view of the test: natural size.

13. Longitudinal profile of the test: natural size.

14. Abactinal area, showing the ambulacral petals and apical disk : magnified.

15. The peristome and surrounding portions of the test: magnified.

Genus ECHINOLAMPAS, Gray, 1825.

Test more or less oval in marginal contour, convex above, flat or subconcave

beneath, margins more or less tumid.

Ambulacra petaloid, open at the extremity, and not greatly convergent. Poriferous

zones with the inner pores round and the outer pores elongate, the pairs being united

by a conjugating groove. Ambulacral summit usually excentric in front. Apical disk

compact.

Peristome subceptral or slightly excentric in front, subpentagonal, transverse;

floscelle present, often feebly developed.

Periproct oval, transverse, inframarginal, or on actinal surface close to the pos-

terior margin of the test.

Ornamentation homogeneous. Tubercles small, perforate, non-crenulate, sunken

in scrobicules, uniform and crowded ; miliary granulation more or less compact.

1. EcHiNOLAMPAS EOTUNDA, Buncan & Sladen. Plate XXVIII, Figs. 1-6.

Test of moderate size. Marginal contour subcircular, with a slight tendency to

elongation in the longitudinal axis, and a slight protuberance, more or less pronounced,

in the posterior part of the lateral interradia corresponding with the line of greatest

breadth. The length is very little greater than the breadth, the proportion being as

1 : 0*94. The dorsal surface is flatly subconoid, the margins being very thick and

regularly tumid. The apical summit of the test is excentric in front, and its height is

rather more than half the length, being in the proportion of 0*58 : 1. Seen in longitu-

dinal profile, the anterior slope of the test is more rapidly inclined than the posterior,

and appears to pass continuously from the apex over the thick, high margin as a portion

of a parabolic 'curve. The posterior slope is faintly depressed at a short distance from

the apex, and is the fullest and most convex just above the posterior margin, over

which it passes almost precipitously. The transverse profile shows the subconoid cha-

racter of the dorsal surface, and the margins are thick and tumid. The actinal surface

is remarkably pulvinate, the test being tumid around the deeply-depressed peristome,

the tumidity being greatest along the median line of the posterior interradium, and

extending around the lower margin of the periproct.

The apical disk, which corresponds with the summit of the test, is rather large.

There are four generative pores, the anterior pair being closer together than the

posterior pair ; and the central disk, which is entirely occupied by the punctures of the

madreporite, is large and flat. The ocular plates are small and subcrescentiform.
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The ambulacral petals are long, extending nearly to the ambitus, distinctly petaloid

in outline, expanding in the middle portion, and contracting slightly towards the outer

extremity. The posterior pair are the longest and broadest, and the odd anterior

ambulacrum is the shortest and narrowest. The greatest breadth of the postero-

lateral petal is about t^q-o-o of the length of the test, being 8-50 millim. in a test

58 millim. long. The poriferous zones in the postero-lateral and in the odd anterior

petals are subequal, the companion zones in each petal not varying in length from each

other by more than one or two pairs of pores. In the antero-lateral petals, however,

the posterior zone is longer than the anterior zone of the same petal by ten or more

pairs of pores. The posterior zone of the antero-lateral petals is more curved than the

companion zone, forming a rather wide sweep into the lateral interradia, the convexity

directed backwards. The relative curvature of the zones in the other petals is about

equal; and the general direction of the petals from the apex outwards is almost

straight. The poriferous zones are comparatively narrow, varying very little through-

out their length after attaining the normal width at a short distance from the apex,

and their width decreasing very slightly at the outer extremity. The inner pores are

round, the outer pyrifortn or comma-shaped, and they are united by a deep, well-

defined groove. The divisional costee are narrow, and were originally ornamented with

a single row of five or six small granules, of which, however, nearly all traces are now
obliterated, except in one or two very rare instances. The position of the pairs of

pores and of the costse is slightly oblique, the line of direction from the inner to the

outer pore being slightly adoralwards. The width of the poriferous zone at its widest

part is 1-50 millim. ; and the width of the interporiferous area at the broadest part of

the postero-lateral petal is 5"5 millim. The extra-petalous continuation of the pori-

ferous zone is indiscernible until well on the actinal surface, where its course is indi-

cated by a very shallow depression, which becomes more distinct as it approaches the

peristome. The interporiferous area within the petals is slightly tumid, and its orna-

mentation is similar to that of the interradia, consisting of numerous small primary

tubercles situated in rather deep scrobicules, so closely placed that the interspaces,

which are always less in breadth than the diameter of a scrobicule, have usually only

the two rows of miliary granules upon them which form the boundary of two adjacent

scrobicules, one round each. The tubercles are the most numerous and crowded at the

ambitus and just beneath, and the most widely spaced in the neighbourhood of the

peristome. They are, perhaps, a shade larger on the actinal surface, but the difference

is very slight.

The peristome is slightly exceutric in front ; it is large, subpentagonal, deeply

impressed, and with high vertical walls. The ambulacral areas become very contracted

as they approach the peristome, and are slightly sunken, forming shallow troughs,

especially in the three anterior ambulacra, which emphasize the very slightly swollen,

incipient bourrelets of the anterior interradia. This slight development of the bour-

relet is wanting in the three posterior interradia ; and the margin of the peristome

bounded by the odd posterior interradium has the test rather less tumid, and is instead

more inclined towards the mouth, than the other parts surrounding the aperture.
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There is no development of a true phyllode, although a slight tendency exists

to form an inner series of pores, caused by the stepping out of an occasional pore here

and there from the normal uniserial rank. The transverse diameter of the peristome

measures about 8 millim., and the longitudinal 5 millim.

The periproct is very large, subtriangular in outline; the outer margin, which

forms the base of the triangle, being a gentle curve, the inner margin beipg bounded

by two very slightly curved lines, which form the sides of the triangle, the apex

directed towards the peristome, and the lateral angles being sharp. The periproct is

entirely on the under surface, close to the margin, and, being situated on the slight

outward slope of the ventral tumidity, its plane is directed slightly upwards. The

shorter diameter of the aperture, which corresponds with the longitudinal axis of the

test, measures 6"5 millim., and the transverse diameter 12 millim.

BemarJcs. This species is, perhaps, most nearly allied to E, discoideus, d'Archiac ;

but is distinguished from that form by its higher test, its subconoidal abactinal surface,

and its higher and more tumid margins. It is further distinguished by the slightly

tumid interporiferous areas and the distinctly petaloid outline of the ambulacra, the

former in E. discoideus being flush with the test, and the latter almost as completely

open as in Conoclypews. In E. discoideus the actinal surface is described as " sub-plan,"

and the periproct small and fairly regularly elliptical. In these points this species is

very diflerent. We know of no other form with which E. rotunda can be confounded.

There is a crushed specimen which is larger and more elongate than the type, and

in which the actinal surface appears to be somewhat less tumid ; but this is, perhaps,

owing to the damage it has sustained. In all points of detail it accords fully with the

type we have described.

Bimelfisions.

a. b. e.

Tnillim. millim. millim.

Length of the test 58 58-5 67

Breadth of the test 55 54*5 (broken) 60-5

Height of the test 34 34 27-5 (crushed)

Breadth of postero-lateral petal . 8'50 8'50 8*80

„ of antero-lateral petal . 7*40 7'40 8

G-226

103

Locality. In the Khirthar series: Eiver-section, east of Trak. Survey-number

Illustrations of the Species in Plate XXVIII.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test: natural size.

4. The apical disk : magnified.

5. A portion of a petal, about midway between the extremity and the apex :

magnified.

6. The peristome and surrounding portions of the test : magnified.
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2. EcHiNOLAMPAS SUBCONICA, Dwncan & Sladen. Plate XXVIII, Figs. 7-11.

Test of moderate size. Marginal contour suboval, slightly expanded in the

posterior region of the lateral interradia, evenly rounded in front, feebly rostrate

behind. The length is rather greater than the breadth, being in the proportion of

1 : 0-86. The dorsal surface is moderately high, subconical, and rather pointed at the

apex, which is excentric in front, and the greatest height is rather less than three fifths

of the length. Seen iu longitudinal profile, the anterior and posterior slopes of the

abactinal surface appear as two gentle, evenly-rounded, convex curves of low curvature,

culminating rather sharply or pointedly at the apex ; the anterior slope is much shorter

and more precipitous than the posterior, and continues, without any interference, in its

course over the thick and well-rounded anterior margin ; the posterior slope is less

inclined than the anterior, and extends as a regular convex or subparabolic curve from

the apex to the margin of the periproct, just below the ambitus, the posterior margin

of the test being much thinner and less tumid than the anterior. Seen in transverse

profile, the abactinal surface slopes rather rapidly from the apex, and the curvature

being slight, the conical appearance is greatly emphasized, the outline passing without

interruption over the moderately thick and well-rounded margins. The actinal surface

is pulvinate, the peristome being depressed and the surrounding test being tumid,

sloping inwards to the mouth, and outwards with a slow and gradual curve to the

ambitus. The anterior and the posterior portions of the test are the most tumid ; and

the test, when placed on a level surface, rests on these regions of the test entirely.

The lateral interradia are slightly more tumid along their median line, which gives,

though faintly, a rather undulating appearance to the actinal area.

The apical disk is excentric in front. In the specimen under notice there are

only two generative pores, the left anterior and the left posterior pores being aborted

;

the whole of the centre of the disk is occupied by a rather large madreporiform body,

which is not prominent, but is ornamented with a few moderately large granules widely

spaced and irregularly placed.

The ambulacral petals are long and narrow. The posterior pair are the longest

and the broadest ; the anterior pair and the odd anterior ambulacrum are subequal in

length, but the odd anterior petal is narrower than the pair. The shape of the petals

is lanceolate and very attenuate and tapering to the apex, and their contraction at the

outer extremity is very slight. The greatest breadth of the postero-lateral petal is

7 millim., or -xwon of the length of the test. The poriferous zones in all the petals are

slightly unequal ; the posterior zone in the posterior petals and the anterior zone in

anterior petals being shorter than the companion zones in the respective petals, the

difierence, however, not being more than five or six pairs of pores in the anterior petals,

and less in the posterior petals. In the anterior pair of petals the posterior zone is

more curved than the anterior zone ; it is boldly convex into the lateral interradia, and

presents a faint trace of sigmoid curvature in consequence of the zone at the extreme

tip being slightly bent backwards. The posterior zone of the posterior petals is also

slio'htly more curved than the companion anterior zone, and there is also the same faint

outward turn of the poriferous zone at the extremity ; but neither character is developed
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to the same degree as in the anterior petals. At the widest part of the posterior am-

bulacra, where the petal measures 7 millim. across, the interporiferous area is 4 millim.

in breadth, and the poriferous zone is 1'50 millim. broad: from this point the zone

diminishes in breadth to the outer extremity, where it is little more than half the

width named, and less than 1 millim. across. At the outer extremity of the petal the

interporiferous area measures 4'25 millim. across. The inner pores are round, the outer

transversely oval, and they are united by a broad conjugating groove. The costse are

low and narrow, with a well-defined single row of about seven small miliary granules
;

and the positions of the costse and the pairs of pores are oblique in relation to the

median line of the ambulacrum. The extra-petalous continuations bf the poriferous

zones are scarcely perceptible until near the peristome, and are not placed in any

channel on the actinal surface.

The interporiferous area within the petal is almost flush with the test, being very

faintly tumid ; and its ornamentation, which is similar to that of the interradia, is rather

more ornate than usual in this genus. It consists of small primary tubercles placed in

rather large and shallow scrobicules, which are surrounded by a single circlet of rather

large, well-spaced, and comparatively isolated miliary granules. From these not forming

the ordinary confluent ornamentation usual in the interspaces between the scrobicules

in this genus, and from the small size of the primary tubercles, the general ornamen-

tation is well characterized in the present species. At the ambitus and on the actinal

surface the scrobicules are very closely placed, with not more than a single row of miliaries

between each ; but in places on the abactinal surface they are rather more widely spaced.

The peristome is slightly excentric in front ; it is, unfortunately, too much obscured

by matrix for any remarks to be made on its structure.

The periproct, which is of moderate size and transversely oval, is placed close to

the posterior margin of the test, its aboral margin encroaching slightly thereon. The

major diameter measures 10 millim., the minor diameter being probably little more than 5.

Memarks. This species has some resemblance to JE. rotunda, but is readily

distinguished by the different form and proportions of the test, by the narrow and

apically-pointed and attenuate ambulacra, which are unequal and do not converge at

their outer extremity, as well as by the different character of the ornamentation.

From E. scutiformis, Desm., it differs in the form of the test, the absence of the

posterior rostration, the greater excentricity of the apical disk, and in the character of

the ambulacra. It is likewise easily separated from E. Studeri, Agassiz, E. Escheri,

Agassiz, and E. globulus, Laube, by the form of the test atid the shape of the ambu-

lacra, as well as by other points. We are unacquainted with any other Echinolampad

with which it can be confounded.

Mmensions.
millim.

Length of the test 65

Breadth of the test 56

Height of the test 33

Breadth of the postero-lateral petal .... 7

„ „ antero-lateral petal .... 6



OF WESTERN SIND. 157

Locality. In the Khirthar series : Twenty-four miles west of Kotri (entering the

hills on the road to Btila Khan's Thana). Survey-number ^^.

Illustrations of the Species in Plate XXVIII.

Fig. 7. Abactinal view of the test : natural size.

8. Actinal view of the test : natural size.

9. Longitudinal profile of the test : natural size.

10. The apical disk : magnified.

11. A portion of the petal about midway between the apex and the extremity:

magnified.

3. EcHiNOLAMPAS OBESA, Dimcan & Sladen. Plate XXVIII, Figs. 12-16.

Test rather large. Marginal contour regularly oval, the breadth being about

four fifths of the length or in the proportion of 0-8 : 1. The outline at the ambitus is

well rounded in front and almost equally so behind, there being only the faintest trace

of flattening in the curve behind the extremities of the posterior petals. The apical

summit of the test is subcentral, and its height is about three fifths of the length of

the test, or as 0*59 : 1. Seen in longitudinal profile the dorsal surface is full and

convex, the posterior curve being fuller and more convex than the anterior ; the

posterior curve is uninterrupted by any marginal tumidity until it reaches the periproct

;

whilst the anterior curve passes gently over the thick and tumid anterior margin.

Seen in transverse profile the dorsal convexity has a slightly conical appearance,

merging imperceptibly into the marginal part of the test, and then curving rather

sharply over on to the actinal surface. When seen from behind the periproct is wholly

visible, being situated within the margin. The actinal surface is very tumid and

pulvinate, the rounded summit of the tumidity midway between the ambitus and the

peristome being the only resting plane of the test.

The apical disk is rather large and is placed considerably in front of the summit

of the test, its distance from the anterior margin being about two fifths of the length

of the test. The four genital pores are large and oval, and the anterior pair are nearer

together than the posterior pair. The central portion is large, rather prominent,

undulating, subtuberculate, with a few small widely-spaced granules, and the whole

surface covered with the perforations of the madreporite. The ocular plates are very

small, subtriangular in shape, and their foramina microscopic.

The ambulacral petals are long and comparatively narrow ; the posterior pair are

the longest and rather broader than the others, and the odd anterior ambulacrum is the

shortest and narrowest. The posterior petals are slightly curved, with the convexity

towards the posterior interradium. The poriferous zones diverge >gradually in all the

petals as they proceed from the apex, and their convergence towards the outer extre-

mity is scarcely perceptible, not exceeding half a millim., their outline being in conse-

quence wedge-shaped rather than petaloid. The greatest breadth of the postero-

lateral petal is 8 millim., or about rob~o of the length of the test. In the antero-lateral

T
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ambulacra the poriferous zones are unequal, the posterior zone being longer by about

nine pairs of pores than its companion, and it is also more curved ; but this only

to a slight degree. The poriferous zones of the other petals are subequal.

The poriferous zones are rather narrow, measuring 1'5 millim. at the widest part

and diminishing gradually towards the outer extremity, where they are little more than

half this breadth. Near the apex the pores are unusually small, and, in the specimen

under description, a number of the pairs of pores are aborted near the apex. The

inner pores are round, the outer transversely elongate, and they are united by a broad

groove. The intervening costse are low, narrow, and are ornamented with a single line

of about six well-defined granules. The positions of the pairs of pores and of the costee

are rather oblique in relation to the median line of the petal, and the obliquity

increases as they approach the outer extremity. The extra-petalous continuations of

the poriferous zones are situated in very slight channels. The width of the inter-

poriferous area at the widest part of the postero-lateral petal is 4 millim., and it is only

a shade narrower than this at the outer extremity ; towards the apex the areas are

narrow and attenuate, and resemble E. subconica, nobis, in not expanding rapidly into

the petaloid form so frequent in this genus. The interporiferous areas are flush with the

test, or only so faintly tumid that the character is scarcely noticeable. The odd posterior

interradium is very full and tumidly convex, with a tendency to become subcarinate at

the apical extremity ; there is also a slight tendency, but much more feebly exhibited,

in the other interradia (especially the laterals) to become a little prominent near the

apex, which produces the appearance of the ambulacra being slightly sunken there.

The lateral and anterior interradia do not present any conspicuous tumidity, and the

test, as a whole, is gradually reduced in capacity towards the anterior extremity. The

ornamentation of the interporiferous areas is similar in character to that of the inter-

radia, excepting that the primary tubercles are somewhat more regular in position

and more closely crowded. Throughout the test the scrobicules are closely placed, the

intermediate spaces being seldom occupied by more than the single circlet of com-

paratively large, well-spaced miliary granules, which surround the scrobicules. The
ornamentation is most crowded just below the ambitus, the intermediate spaces between

the scrobicules being reduced to simple septum-like structures. The ornamentation of

this species seems to stand intermediate between that of E. subconica and that of the

ordinary EcMnolampas type.

The whole of the central portion of the actinal surface is obscured by matrix,

which renders any observations on the peristome and neighbouring portions of the test

impossible.

The periproct is situated in the actinal portion of the tumid curve of the margin,

and is consequently truly marginal. Its shape is transversely oval, and the greater and

less diameters are not more than 9 and 7 millim. respectively ; but, owing to fracture,

the exact measures cannot be given.

The test subjacent to the adoral margin of the periproct shows traces of some

tumidity, and there is a slight bevelling of the test towards the aperture on that

jnargin.
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Bemarhs. This form has some affinities with E. suhconica, nobis, and also with

that group of Echinolampads of which E. Escheri, Agassiz, and E. suhcylmdricus,

Desor, are the representatives. It is distinguished from E. suhconica by the form of the

test, the position of the apical summit, and the trend of the posterior petals, as well as

by the position of the periproct and the general tumidity of the lateral regions of the

test and of the actinal surface. It is readily distinguished from both E. Escheri and

E. suhcylmdricus by the form of the test and by the character, outline, and position of

the ambulacral petals. It is probably, however, the eastern representative of the last-

named species, although the differences between them are very great.

Dimensions.
millim.

Length of the test 71

Breadth of the test 57

Height of the test 42

Breadth of the postero-lateral petal ... 8

„ „ antero-lateral petal ... 7

Locality. In the Khirthar series of strata. Twenty-four miles west of Kotri

(entering the hills on the road to Bula Khan's Thana). Survey-number ^~.

Illustrations of the Species in Plate XXVIII.

Fig. 12. Abactinal view of the test : natural size.

13. Actinal view of the test: natural size.

14. Longitudinal profile of the test : natural size.

15. The apical disk : magnified,

16. A portion of a petal about midway between the apex and the extremity :

magnified.

4. EcHiNOLAMPAS SiNDEisrsis, d'ArcMac. Plate XXIX, Figs. 1-10.

Test usually of moderate size, but occasionally attaining large proportions.

Marginal contour oval, well rounded in front, sometimes rather flattened along the

sides, and faintly rostrated posteriorly. The breadth is in the proportion of 86 per

cent, of the length. Apical disk excentric in front and corresponding with the apical

summit of the test, its distance from the anterior extremity being 40'6 per cent., or a

little more than two fifths of the length of the test. The dorsal surface is moderately

high and well arched, measuring at the summit a little more than 45 per cent., or nine

twentieths of the length of the test. Seen in longitudinal profile the dorsal outline

shows a well-rounded convexity, the anterior slope being more precipitous than the

posterior, the posterior slope rounding gently and then curving rapidly over the

posterior rostration. The transverse profile shows a regular and almost semi-

circular curve. The margins are tumid and rather sharply rounded on to the actinal

surface, which is more or less plain, excepting a gentle depression around the peristome,

and the rounding which masks the imperceptible junction of the margins and the

actinal surface.

t2
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The apical disk is small ; and there are four genital pores, which are large and

oval, occupying nearly the whole of their plate; the anterior pair rather closer

together than the posterior pair. The ocular plates are small and their pores very

minute, and the posterior pair are wide apart. The whole of the central portion

is occupied by the madreporiform body, and this, in some instances, is slightly convex.

The ambulacral petals are narrow, and of almost uniform breadth a little distance

from the apical disk, expanding very slightly near the middle of their length, and the

contraction at the outer extremity being also very insignificant. They terminate some-

what abruptly at a short distance before the rounding of the margin commences. The

posterior petals are the longest, and the odd anterior petal is slightly narrower than

the others. The breadth of one of the paired petals is in the proportion of about -^Sh

of the length of the test. The poriferous zones are unequal ; the anterior zones of the

antero-lateral petals and the posterior zones of the postero-lateral petals being shorter

than the companion zone of the same petal. The breadth of the poriferous zone,

excepting the narrow apical extremity, varies only slightly throughout the remaining

portion of its length, the increase in size at the widest part, and likewise the decrease

towards the outward extremity, being slight. At the widest portion of the petal the

width of the poriferous zone barely exceeds one fourth of the width of the inter-

poriferous area, the actual breadth of the zone being only a shade more than 1 millim.

in an example 58 millim. in length. The inner pores of a zone are round, and the

outer pores elongate or pyriform, the pair being united by a well-defined channel.

The divisional septum between each pair is rather broader than the conjunctive

channel, and is ornamented by a single line of small miliary granules. At about one

fourth of the distance from the apical to the outer extremity of the postero-lateral

petals the anterior zone is bent slightly outward, appearing to curve somewhat

encroachingly upon the postero-lateral interradial area, whilst the posterior zones are

comparatively straight and do not correspondingly encroach upon the odd posterior

interradium. This gives the character of a slightly outward flexure to the posterior

petals. At the extremity of the petals, where the conjugate pores cease, the poriferous

zone is continued in a single line of pores, sunken in a faint depression or channel, and

extending up to the peristome, in the neighbourhood of which there is some irregularity

in the serial arrangement of the pores consequent on the presence of intercalated

ambulacral plates, by which the incipient phyllode is produced. The lines formed by

the simple portion of the two poriferous zones of a petal expand wider apart as they

proceed from the extremity of the petal to the ambitus, and again converge from the

ambitus to the peristome. The course of the three anterior ambulacra on the actinal

surface is comparatively straight, that of the posterior pair being more or less curved,

bending with a slight and graceful flexure which encroaches on the odd portions of

the interradial area. The interporiferous areas are flush with the surface of the test,

both within and without the petal, and their ornamentation is similar to that of the

interradial areas.

The antero-lateral and the postero-lateral interradial areas present no tumidity

either in the abactinal or actinal regions. The odd posterior interradium is slightly

tumid dorsally over, and in conformity with, the posterior rostration ; and there is
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also a swelling along the median line of this area on the actinal surface, which expands

towards the margin in the neighbourhood of the periproct. The ornamentation

of the interradial and interporiferous areas is uniform and small; it consists of

numerous small primary tubercles, indistinctly crenulated, and with a minute perforated

mamelon, sunken in deep narrow scrobicules, the intermediate spaces being very

narrow, in the narrowest part not more than the width of a single row of granules, and

at the wider parts, in the spaces between adjacent scrobicules, always less than the

width of the scrobicule. The surface is covered with very minute and not particularly

closely crowded miliary granules. The primary tubercles are the most crowded at the

ambitus, and become slightly larger and rather more widely spaced on the actinal

surface. A well-defined band, devoid of primary tubercles, extends along the median

interradial line between the peristome and the periproct.

The peristome is large, central, sunken in a slight depression of the test, penta-

gonal, having the transverse diameter greater than the longitudinal. The ambulacral

areas, as before noticed, contract on approaching the peristome, and at a short distance

from the extremity are sunken in a depression which increases until it falls into the

peristome, where the test is well channelled-out ; in this manner a prominence is given

to the otherwise feebly-developed bourrelets. The two anterior bourrelets are broader

and more pronounced than the postero-laterals, and the odd posterior one is also

broader and somewhat flattened along its margin. The floscelle is only feebly

developed, the rudimentary phyllodes being very inconspicuous and represented only

by a short line of four or five supplementary pores within each column of ambulacral

plates. The pores are rather wide apart ; and the two lines of supplementary pores,

present in each ambulacrum, converge slightly as they approach the peristome. Some-

times there is a faint outswelling of the poriferous zone just before the extremity, and

not unfrequently some irregularity in the serial disposition of the pores, which slightly

emphasizes the character of the phyllode.

The periproct is large, transverse, subelliptical, placed close to the margin, on the

rounding which unites the ambitus with the actinal surface and immediately under the

posterior rostration. Consequent on this slightly oblique position (in relation to the

plane of the actinal surface), the presence of the orifice is just discernible when the

posterior part of the test is placed in direct line of view. This aperture has a major

diameter of 10 millim. and a minor diameter of 5 millim., in an example 66 millim

long ; the major diameter of the peristome being about 7 millim., and the minor little

more than 4 millim., in the same specimen.

Premature form. In young examples, which measure 43 millim. in length, the test

is relatively higher, much thicker and more tumid at the margins, and tumid on the

actinal surface, the flatter character of the adult form being as yet undeveloped. The

peristome is large and subelliptical, without any trace of the pentagonal outline ; and

the bourrelets are indicated only by the faintest swelling of the plates in the two anterior

interradial areas. The periproct is large, and is situated at a higher level than in the

adult, and is quite in the margin. Examples having broad poriferous zones are clearly

distinguishable at this age from those with the narrow zones—size and all other

characters of the tests being similar. We are unfortunately not in a position to say
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any thing as to the form of the earlier stages of this species ; but it may be men-

tioned parenthetically that some small tests, which we have regarded as the young of

another species {Echinolampas angustifolia), may possibly belong to E. Sindensis. The

grounds upon which our determination is based will be found in the description of the

species in question ; and we at present confine ourselves to mentioning the circumstance

in the hope that a larger supply of material will furnish a solution to the difficulty.

Memarks. The type of d'Archiac's species in the Museum of the Geological Society

is a very unsatisfactory specimen and scarcely worthy of recognition ; it also accords

very poorly with the description given in the text (op. cit. p. 210), and likewise with

the figures. Under these circumstances it would obviously be both useless and un-

profitable to draw any lengthy comparisons. Numerous specimens of an JEcMnolampas

which appears to be very common in Sind, and accords most nearly with the old specimen

above referred to, and which has further been regarded provisionally by the Surveyors

(although with doubt) as probably belonging to d'Archiac's species, are well repre-

sented in the collection of Khirthar fossils. It is to this form that we have assigned

d'Archiac's specific name, rather from unwillingness to burden the nomenclature with

an additional name than as an expression of our opinion as to its conformity with the

unintelligible and contradictory type and description of our predecessors. The form is

well marked, and we are unacquainted with any other species with which it can be

confounded. The variety hemispJicerica is also well marked^ and has not yet been

found associated with the type-form of the species.

Dimensions.

a. b. c. d.

millim. millim. millim. millim.

Length of the test 90 69 57 52

Breadth of the test 75 50 48 35

Height of the test 45 27 23 22

Breadth of posterolateral petal . 9'5 6 6 4'25

Locality/. In the Khirthar series of strata : Baili, west of Tong. Survey-number

Illustrations of the Species in Plate XXIX.

Fig. 1, Abactinal view of the test of a large example : natural size.

2. Longitudinal profile of the same specimen : natural size.

3. Abactinal view of a test of the ordinary size : natural size.

4. Actinal view of the same : natural size.

5. Longitudinal profile of the same : natural size.

6. Peristome and surrounding parts of the test from another specimen

:

magnified.

7. A portion of the ambulacral area, near the middle of a petal : magnified.

8. Abactinal view of the test of a young specimen : natural size.

9. Actinal view of the same test : natural size.

10. Longitudinal profile of the same natural size.

G304
23
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5. EcHiNOLAMPAS SiNDEJSTSis, var. HEMISPH^RICA, Buncan & Sladen. Plate XXIX,
Figs. 11-17.

On examining a large series of specimens from different localities a considerable

amount of variation may be observed. This chiefly affects the proportions of length,

breadth, and height ; and, although associated in some instances with other small

structural modifications, which separately and at first sight appear striking, we do

not, after a careful comparative review of the series, feel justified in regarding them as

specifically distinct from the present form.

A well-marked variety, constant through various phases of growth and in different

localities, is characterized in the following manner. The disproportion between the

length and breadth is rather less, and the marginal contour is also more truly oval ; the

height is greater, the dorsal surface has a more inflated appearance, and when seen in

longitudinal profile is almost semicircular, the difference between the curvature of the

anterior and posterior slopes being scarcely perceptible. The rounding at the margin

is somewhat sharper, which gives the actinal surface a rather flatter appearance ; and

this character is further emphasized by the slightly smaller extent of the central

depression of the test around the peristome. The bourrelets are, perhaps, rather more

prominently developed. The summit of the test is more central, and consequently

behind the apical disk. The poriferous zones are broader in relation to the inter-

poriferous area.

Although the majority of the characters here noticed are found in specimens which

we regard as the young of the type form oi E. Sindensis, they are remarkably constant

in a series of tests of all sizes, the greater number being quite as large as those of

E. Sindensis, which present all the characters ascribed to the adult form of the type,

and one example being much larger than the average size of that form. If only a

small number of examples had been available for study, it is probable that the form

would have been regarded as a separate species ; but after studying the material at our

disposal we do not at present feel justified in considering this form otherwise than as a

well-marked variety of E. Sindensis. In addition to the remarks above made as to the

young stages of growth, it may also be observed that examples of the type form occur

in which the test is higher than usual, with the dorsal profile approaching the

hemispherical outline, and which have the wide poriferous zones characteristic of our

variety.

Young forms. The characters above enumerated are present in a relative degree

throughout a series of specimens which range from 40 to 77 millim. in length. A
smaller test, 32 millim. in length, which, from its general habit and association, we

also place under the variety, approaches a subcylindrical form. The margins are thick

and tumid ; the actinal surface tumid, and with no trace of the flatness which cha-

racterizes the later stages of growth. Unfortunately the details of this example are

badly preserved. A drawing of the specimen is given in Figs. 16 & 17.
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Dimensions.

a. h. c. d.

millim. millim. miUim. miUim.

Length of the test 78 55 50 31-5

Breadth of the test 69 48 44 26

Height of the test 37 30 27 20

Breadth of postero-lateral petal . . 10-5 7 7 4

Localities. In the Khirthar series :

—

i. Kohri, Upper Sind. Survey-number ^^.
& 226

ii. Eohri on the Indus, Upper Sind. Survey-number ^^g"*

iii. West side of Bhago-Thoro hill, south of Sehwan. Survey-number -gg-.

Illustrations of the Variety in Plate XXIX.

Fig. 11. Abactinal view of the test: natural size.

12. Actinal vievp of the same : natural size.

13. Longitudinal profile of the same : natural size.

14. Longitudinal profile of another spiecimen, somewhat less tumid : natural

size.

15. Longitudinal profile of a large specimen : natural size.

16. Abactinal view of the test of a small specimen: natural size.

17. Longitudinal profile of the same : natural size.

6. EcHiNOLAMPAS ANGUSTiPOLiA, Luncan & Sladen. Plate XXX, Figs. 1-11.

Test of moderate size. Marginal contour elongately oval, presenting no promi-

nences to disturb the regularity of the outline, excepting the more or less prominent

posterior rostration. The breadth is equal to about four fifths of the length, or is in the

proportion of 0-79 : 1. The dorsal surface is high and tumid ; the height about equal

to half the length. The apical disk is excentric in front, the relation of the anterior

to the posterior portion of the median line being approximately in the proportion of

2 : 3, Seen in longitudinal profile, the posterior slope of the dorsal outline has a very

small angle of inclination, and then curves rapidly at the posterior extremity, which is

very high and thick. Unfortunately in the type specimen this extremity has been

destroyed, and also the anterior part of the dorsal surface. In two smaller examples

the anterior slope is much more inclined, and the anterior margin comparatively thin.

That this was also the character of the larger specimen there is little doubt, from the

indications that remain. In the smaller specimen, two thirds the size of the type, the

periproct is placed very high in the margin, wholly removed from the ventral surface,

and almost vertical in position j it is slightly arched over by the posterior rostration.

The transverse profile shows the dorsal area to be a regular convex curve of low

elevation, with the sides of the test very thick and tumid, and the outline curving

thence gently on to the tumid actinal surface. The tumidity of the actinal surface is

very characteristic ; the test around the peristome is moderately depressed, and there
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is a strongly marked tumidity, amounting almost to carination, along the median line of

the posterior interradium, increasing towards the margin, and forming a prominent

swelling of the test beneath the level of the periproctal aperture.

The ambulacral petals are narrow. The posterior pair are long, straight, and

lanceolate in form, expanding slightly towards the middle portion, and then contracting

towards their outer extremity. The poriferous zones are narrow, and vary only slightly

throughout their length ; the increase in breadth towards the widest part being slight,

and the contraction towards the extremity comparatively small. In the posterior

pair of petals the anterior zone is three or four pairs of pores longer than the

posterior zone. The breadth of one of the posterior petals is in the proportion of

about x^o°o o^ tb® length of the test ; and the breadth of the poriferous zone at its

widest part is one fourth of the width of the interporiferous area. The anterior

petals are much shorter than the posterior petals, the posterior zone is longer and

more curved than the anterior zone, the antero-lateral petals are rather narrower

than the postero- laterals, and the odd anterior petal is still narrower than the anterior

pair. The interporiferous areas are raised and tumid, which gives a very marked feature

to the species. The continuation of the poriferous zones beyond the petal is almost

indiscernible, there being no channel or depression to mark the course of the line of

small, single, and rather widely spaced pores.

The ornamentation of the interporiferous areas is similar to that of the interradial

portions of the test. It consists of small, closely crowded primary tubercles, sunken in

narrow scrobicules, the intermediate portions being prominent, confluent, narrow, and

in all cases narrower than the width of the scrobicules. The ornamentation of the

actinal surface is somewhat larger than that of the abactinal, and maintains the same

general character.

Unfortunately all our specimens are badly preserved in respect to their minute

structure, which has been more or less obliterated by weather action. The interradial

areas on the abactinal surface are very even, and present no tumidity or irregularities

;

and the same may also be said of their aspect on the actinal surface, excepting the odd

posterior interradium above noticed.

The peristome is subcentral, and sunken in a slight depression of the actinal

surface ; around this depressed portion the test is tumid, and thence passes in a con-

tinuous and uninterrupted curve round the tumid margins and on to the abactinal

surface. In the large specimen the mouth-aperture and the neighbouring portions of

the test are concealed ; but in one of the smaller examples the peristome, which is

distinctly excentric in front, is conspicuously pentagonal, the sides very nearly equal,

and having the transverse diameter or breadth only a little greater than the longitudinal

diameter or length. The angles of the pentagon are rounded, and the surface of the

two anterior interradial spaces is faintly swollen, suggestive of incipient bourrelets.

The phyllodes are comparatively well developed, and four or five plates having supple-

mentary pores are present in a column. In this specimen there is a broad smooth band

devoid of primary tubercles extending between the peristome and the periproct. A
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similar band appears to have existed in the larger or type example, but owing to its state

of preservation it is impossible to say definitely.

The periproct is transverse and subelliptical, equal in breadth to the transverse

diameter of the peristome (5-5 millim. in a specimen 39 millim. long) ; it is marginal

in position, and wholly visible when the posterior extremity of the test is placed in the

direct line of view. The character of this aspect of the test may be seen in Figs. 5 & 9.

It is probable that the great height of the periproct in the small specimen is in a certain

measure a premature character ; but we are unable to say to what extent it was main-

tained in the larger and more perfectly developed form.

Young Forms. There are two small tests, one measuring 24 millim. in length

and the other slightly larger, which we regard as the young of this species. The pro-

minent characters which have led to this determination are the lanceolate form of the

petals, the tumid and raised interporiferous area, the tumid actinal surface, the distinctly

pentagonal peristome, the great height of the posterior portion of the test, and the

intra-marginal position of the periproct.

The longitudinal profile of the dorsal surface of this small test corresponds exactly

with that of the adult form. The marginal contour is regularly oval, but is rather less

elongate than in the type. The actinal surface, though tumid, is scarcely as much so

as in the larger specimen ; and the same remark applies to the example 39 millim. in

length previously noticed. The ambulacral petals on the dorsal surface are distinctly

lanceolate in outline, contracting sensibly towards their outer extremity ; and the inter-

poriferous area is tumid. The poriferous zones are very unequal, the posterior zones

of the posterior petals being scarcely two thirds the length of the companion zone

;

and the anterior zones of the anterior petals are much shorter than their companions,

but the disparity is not as great as in the posterior petals. The peristome is large.and

distinctly pentagonal, the two ajiterior bourrelets are faintly developed, and the

character of a phyllode is already discernible from the size and disposition of the

ambulacral plates and pores, which occupy the region of its position, although the

secondary pores do not yet appear to be present. The periproct is large, entirely

removed from the actinal surface, and is placed very high in the posterior margin

;

when the profile of the test is seen from behind, the aperture appearing to occupy a

position nearly midway between the dorsal and ventral surface-lines. The posterior

odd interradium is faintly rostrate and faintly keeled along the median dorsal line ;

ventrally this area is more tumid than the others, but not in so great a degree as in

the more fully' developed tests.

In the ornamentation of the test a number of the primary tubercles on the actinal

surface occupy an excentric position within their scrobicule, being close to the anterior

margin of the same.

,

MemarJcs. From the circumstance that this species has as yet only been found in

association with Echinolampas Sindensis, and from our ignorance of the characters of

the young tests of that species of corresponding size to the examples under notice, we felt

some hesitation in determining these small specimens. The characters above mentioned

appear sufficient, however, to justify the decision we have arrived at ; and that opinion
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is further strengthened by the fact that in much larger examples of E. Sindensis, and

of its variety, the .peristome is still elliptical, without any trace of pentangularity, the

ambulacra are straight and not lanceolate, the interporiferous areas are flush with the

surface of the test and not tumid, and the periproct is distinctly infra-marginal.

These characters, in association with the embryonic form of the peristome, would seem

to almost preclude the possibility of the small tests under notice being placed as the

young of E. Sindensis.

Dimensions.

Breadth Height

Length
,

> --^
,

^ ^-^
in millim. • -n- Proportion .„• Proportion

inmmim.
tolength=l.

^^^^^a.
tolength=l.

(a) 60 47-5 0-79 30 0-50

(b) 47 35 0-74 21 (crushed)

(c) 39 30-5 0-78 19 0-487

(d) 24 20 083 13 0-54
millim.

Greatest width of the postero-lateral petal in (a) the type specimen . . 6

Width of the interporiferous area at this place 4

Greatest width of the poriferous zone 1

Localities. In the Khirthar series :—i. Baili, west of Tong. Survey-number ^^•

ii. South-west of Jhirak. Survey-number ^||®. (A very badly preserved specimen,

almost indeterminable.)

Illustrations of the Species in Plate XXX.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test : natural size.

4. Actinal view of another specimen : natural size.

5. Transverse profile of the same specimen seen from behind : natural size.

6. Abactinal view of the test of a young specimen : natural size.

7. Actinal view of the same : natural size.

8. Longitudinal profile of the same : natural size.

9. Transverse profile of the same seen from behind : natural size,

10. Peristome of the same specimen : magnified.

11. Primary tubercles on the actinal surface of the same specimen : magnified.

7. EcHiNOLAMPAS NUMMULiTiCA, Duncan & Sladen. Plate XXX, Figs. 12-15.

Test of large size ; marginal contour suboval, slightly prominent in the posterior

portion of the lateral interradia where the greatest breadth occurs, and with a well-

developed posterior rostration. The greatest breadth is proportional to the length as

0'77 : 1. The dorsal surface is regularly convex, and the height is about two fifths of

the length, or as 0*4 : 1.

The apical disk corresponds with the summit of the test, and is excentric in front,

the relative proportions of the anterior and posterior portions of the median longitu-

z2
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dinal line being as 2 : 3 approximately. Seen in longitudinal profile, the anterior

slope of the dorsal outline is more rapid than the posterior, the degree of curvature is

small, and the anterior margin is thick, tumid, and well rounded ; hence it follows that,

when viewed from above, the anterior part of the test has a comparatively even, rather

than a tumid, character. The posterior slope of the longitudinal profile of the dorsal

surface is a gentle curve, increasing as it reaches the posterior extremity, the character

of the posterior rostration being scarcely perceptible in this aspect. The transverse

profile presents a regular convex curve on the dorsal portion, which passes gently over

the well-rounded margins. The actinal surface has a subconcave appearance ; the

peristome is sunken in a general depression of the test, and the surrounding portions

are slightly tumid, and pass uninterruptedly and without any rapid change of curve or

angularity into the tumid margins of the test.

The ambulacral petals are long, narrow, and gracefully flexuous, expanding slightly

as they proceed outward, the widest part of the interporiferous area being at the extre-

mity. The posterior petals are the longest, and are rather broader than the others, the

odd anterior petal being the narrowest. The greatest width of one of the posterior petals

is very near to the extremity, and is about equal to one tenth of the length of the test.

The disparity in the length of the poriferous zones is small. The posterior petals at a

short distance from the apex bend slightly outward, encroaching on the lateral inter-

radia, the curvature then turns slightly inwards on to the posterior interradium,

and is again directed outwards before passing on to the rounding of the margin ; in

this manner a graceful flexure is produced. The anterior pair of petals curve con-

siderably on to the postero-lateral interradia, then over on the antero-lateral interradia,

and finally bend again rather sharply backwards near the extreme tips at the com-

mencement of the rounding of the margin ; the curvature of the posterior zone of

the petal being greater than the anterior. The odd anterior petal is straight. The

breadth of the poriferous zone diminishes rapidly at the apical, and less rapidly at the

outer, extremity of the zone. At the widest portion of the petal the breadth of the

poriferous zone is about half the breadth of the interporiferous area, whilst rather

nearer the apex the width of the poriferous zone is somewhat greater than this. The

inner pores of a zone are round, and the outer pores more or less elongate, the pair

being united by a deep groove. The divisional septa are narrow, and ornamented by

a single row of granules. The extrapetalous portion of the poriferous zone is not

sunken in a groove ; and the zones of each ambulacrum on the actinal surface converge

rapidly in the neighbourhood of the peristome. The interporiferous areas are flush

with the surface of the test, both within and without the petal, and their ornamenta-

tion is similar to that of the interradial areas.

The anterior interradial areas have a small degree of convexity, and are not

disturbed by any special tumidity whatever. In the posterior part of the lateral inter-

radia a slight tumidity is developed, which culminates towards the margin and promi-

nently affects the marginal contour. The odd posterior interradium is largely tumid

along the median line, and especially towards the posterior extremity, where it becomes

well rounded and almost bombous, forming a conspicuous rostration. On the actinal
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surface the odd posterior interradium shows a slight tumidity along the median line,

especially in the neighbourhood of the periproct ; and the tumidity extends partly

round that aperture on either side of the median line, excepting the outer margin ; in

this manner the rostrate character is greatly emphasized.

The ornamentation of the test is unfortunately more or less destroyed in our

specimen. The primary tubercles are small, numerous, and uniform, entirely sunken

in small scrobicules; and the intermediate spaces are prominent, confluent, and,

although usually narrower than the width of a scrobicule, appear to be comparatively

wider than in JE. Sindensis. The increase in the size of the ornamentation on the

actinal surface is very slight.

The peristome is large and pentagonal, with the transverse diameter greater than

the longitudinal, and its position is slightly excentric in front. The whole of the

actinal surface of the test has suffered to such an extent from weather action that no

observations are possible beyond those of the most general character. The anterior

pair of bourrelets were probably more developed than the others, and the phyllodes

were apparently quite insignificant, the ambulacrum being remarkably contracted in this

species, and without presenting the slightest phyllode-like expansion in the vicinity of

the peristome. Four or five inner pores are present in each column, sometimes borne

on plates equal in size to the adjacent plates, and sometimes on a small intercalated

wedge-shaped plate, which does not reach the outer margin of the ambulacral zone

(see fig. 15). On all the ambulacral plates of this inner portion of the zone a small

prominence or lip occurs over the pore, which gives a sort of imbricating character to

the plates.

The periproct is large, transversely oval, and situated entirely on the actinal

surface ; a slight rounding of the posterior rostration being visible on the outer margin

of the aperture when the test is viewed from below.

Remarks. The nearest ally of this species is probably E. Sindensis. It is, however,

distinguished from that form by the more elongate test with a more oval margin—^which

is also more contracted and more definitely rostrate behind—by its lower apex, and by

the more uniform curves of the dorsal convexity. It is still more conspicuously

characterized by the highly flexuous ambulacral petals, by the general concavity of the

actinal surface, by the more anteriorly excentric peristome, and by the different pro-

portions of the surrounding parts of the test. After careful study we have considered

that these differences warrant the separation of the form above described as a distinct

species.

Dimensions.
millim.

Length of the test 98-5

Breadth of the test 76-5

Height of the test 39-5

Greatest width of the postero-lateral petal .... 10

Width of the interporiferous area at this place . , 5'25

The proportion of breadth to length, 0-77 : 1.

height to length, 0-40 : 1.
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Loccdity. In the Khirthar series of strata : Eiver-section, east of Trak. Survey-

number ^.
Illustrations of the Species in Plate XXX.

Fig. 12. Abactinal view of the test : natural size.

13. Actinal view of the test: natural size.

14. Longitudinal profile of the test : natural size.

15. Peristomial extremity of the left anterior ambulacrum : magnified.

8. EcHiNOLAMPAS JUVENILIS, Dutican & Sladen. Plate XXX, Figs. 16-18.

Test of small size. Marginal contour suboviform, well rounded in front, the

greatest breadth occurring in the posterior part of the lateral interradia, where the

test is slightly tumid ; from thence the outline contracts rather rapidly along the

prominent and well-marked rostration. The greatest breadth is proportional to the

length as 0'81 : 1. The dorsal surface is regularly convex, and the height is rather

less than one half the length.

The apical disk corresponds with the summit of the test and is excentric in front,

the anterior and the posterior portions of the median longitudinal line being propor-

tional as 19 : 35 or as 1 : 2 approximately. Seen in longitudinal profile, the dorsal

convexity is of comparatively low elevation, the inclination of the anterior slope is very

slightly greater than that of the posterior, and the anterior margin is very thick, tumid,

and well rounded. The posterior slope passes with a well-rounded curve over the

posterior rostration. The transverse profile shows a faint tendency towards a subconoid

form in the outline of dorsal convexity, and the margins are thick and tumid. The

actinal surface is somewhat concave and most depressed along a transverse line passing

through the peristome. The surrounding actinal portions of the test are tumid, their

curvature merging iminterruptedly into that of the margins.

The ambulacral petals are long, straight, and narrow, and present no expansion.

The posterior petals are the longest, and the odd anterior petal is slightly narrower

than the others. The poriferous zones are unequal ; the anterior zone of the posterior

petals and the posterior zone of the anterior petals being longer by 6-8 pairs of pores

than their companion zones in the respective petals. The pores are subequal ; the

inner pores round, and the outer pores also round or slightly oval transversely. The

pores are united by a faint groove, and the divisional septa develop midway a slight

granule-like prominence. The extrapetalous portion of the zone is flush with the

test, and its course is not marked by any channel or depression.

The interporiferous areas are flush with the level of the test in the pfctaloid portipn

of the ambulacrum ; but there is a slightly tumid swelling of the area, faintly aflfecting

also the adjacent parts of the interradia, discernible in the marginal contour. In the

anterior interradial areas a slight tumidity is developed along the median line of the

actinal portion of the area. The lateral interradia are tumid marginally, especially in

the posterior column of the area; and the odd posterior interradium is very tumid and
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bombous on the outer part of the median line over the posterior rostration, and is also

tumid to a considerable degree along the median line on the actinal part of the area.

The ornamentation of the test is nearly wholly obliterated by weathering ; where

traces are preserved, the primary tubercles appear to be moderately well spaced, with

the intermediate parts comparatively broader, and the miliary granulation also com-

paratively larger than usual.

The peristome is large, transversely oval, and is slightly excentric in front. A
faint swelling is present in the anterior peristomial plates, but otherwise bourrelets are

not developed. Incipient phyllodes are distinctly formed.

The periproct is large, transversely oval, and entirely upon the actinal surface, the

plane of the orifice, however, being at a small angle to the plane of the actinal area, in

consequence of the median tumidity of the actinal portion of the odd interradium.

Eemarks. The alliance of this form is exceedingly close to H. silensis, Desor, and

we feel some hesitation in separating it specifically. It is distinguished by the more

pyriform outline, which is more contracted posteriorly and with a more prolonged

rostration. The height is rather less and the dorsal surface more convex, the posterior

interradium sloping continuously from the apex, and not being so high or fully rounded as

in E. silensis, and the angle inclosed by the anterior pair of petals is also perhaps rather

smaller. The actinal surface appears to be more generally concave and the peristome

slightly more excentric. The miliary granulation is also comparatively coarse for the

genus, whilst that of E. silensis is described as very fine. On the cumulative weight

of these numerous small differences, we prefer to place the solitary specimen from

Sind provisionally as a separate species, rather than draw the momentous conclusion of

a more direct faunatic alliance upon such scanty material.

Dimensions.
millim.

Length of the test 27

Breadth of the test ... 22

Height of the test . . 13

Greatest width of the postero-lateral petal .... 2-5

Width of the interporiferous area at this place . . . 1*35

Transverse diameter of the peristome 5"5

Longitudinal diameter of the peristome 3-25

Transverse diameter of the periproct 5-75

Longitudinal diameter of the periproct 3-25

The proportion of breadth to length, 0-81 : 1.

„ „ height to length, 048 : 1.

Locality/. In the Khirthar series. Baili, west of Tong. Survey-number^.

Illustrations of the Species in Plate XXX.

Fig. 16. Abactinal view of the test : natural size.

17. Actinal view of the test: natural size.

18. Longitudinal profile of the test : natural size.
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9. EcHiKOLAMPAS LEPADipOEMis, Buncan & Bladen. Plate XXXI, Figs. 6-10.

Test of small size. Marginal contour roundly oval, slightly more pointed poste-

riorly than anteriorly. The greatest breadth is nearly nine tenths of the length, or as

0-89 : 1. The dorsal surface is regularly convex, springing from the comparatively

thin margins. The greatest height is one half the length, or as 0-51 : 1, measured from

the resting-plane of the test. The actinal surface is concave, the resting-plane of the

test being close to the margin, which is thin and overhanging, merging imperceptibly

into the dorsal curve. There is a faint carination along the median line of the poste-

rior interradium. Seen in longitudinal profile, a slight flattening of the convexity is

apparent at the apex, and the curvature anteriorly is fuller and more tumid than

posteriorly, the posterior curve being more extended and gradual. The transverse

profile is faintly but distinctly subconoid in outline.

The apical disk is excentric in front, its distance from the anterior margin being

about three tenths of the length of the test. The anterior pair of generative pores are

closer together than the posterior pair ; and the ocular pores are small and microscopic.

The ambulacral petals are long, narrow, and subelliptical in outline. The ante-

rior pair and the odd anterior petal are subequal, both in length and breadth. The

poriferous zones are narrow and uniform ; the anterior zone in the anterior pair, and

the left zone in the odd anterior petal being the shortest by a few pairs of pores. The

posterior petals are longer and also slightly narrower than the anterior petals ; and the

anterior zone of the posterior petal is longer by five or six pairs of pores, and is

distinctly broader than the companion posterior zone. Both the inner and the outer

series of pores are round, and those of a pair are united by a conjugating furrow, the

adjacent furrows being separated by well-defined costse, bearing a single line of miliary

granules. The interporiferous areas are very faintly tumid. The interradial areas of

the test are uniform and undisturbed by any sudden tumidity on the abactinal region,

excepting the decided carination of the odd posterior interradium previously mentioned.

At the margin of the actinal surface there is a slight tumidity in the posterior column

of the lateral interradia, but of very small development.

The peristome is large and excentric in front, transversely subpentagonal,. with

rounded angles. There is a high vertical wall extending upwards, covered with a

uniform granulation, and the buccal pores of the ambulacra open conspicuously below

the margin. Bourrelets are present, and the phyllodes are well developed for this

genus. The widely extended concavity in which the peristome is situated is remarkable.

The periproct is large, transverse, and inframarginal, the plane of the orifice having

apparently been at an angle to the actinal surface ; but unfortunately the test has

sustained fracture in this region.

The ornamentation of the test is uniform, the scrobiciiles are comparatively large

and closely placed, with the intervening miliary granulation large and confluent.

BemarJcs. This form is unlike any of the other Indian species of Echinolampas,

and we know of none with which it can be confounded. In longitudinal profile it

bears some resemblance to E. globulus, Laube ; but it differs in the greater breadth in
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the less height, in the concavity of the actinal surface, and in the character of the

ambulacral petals.

Dimensions. Length of the test 19'5 millim., breadth 17'5 millim., height 10 millim.

Locality. In the Khirthar series of strata :—North by east of Meting. Survey-

, G280
number -gg-.

Illustrations of the Species in Plate XXXI.

Fig. 6. Abactinal view of the test: natural size.

7. Actinal view of the test : natural size.

8. Longitudinal profile of the test : natural size.

9. Abactinal area, showing the ambulacral petals and apical disk : magnified.

10. The peristome and surrounding portions of the test : magnified.

10. EcHiNOLAMPAS .EQUivocA, Duncan & Sladen. Plate XXXII, Figs. 1-3.

There is a specimen of Echinolampas in the collection, which is unfortunately so

much crushed and damaged by weather-action that a complete description is imprac-

ticable. The characters, however, are sufficiently remarkable to distinguish the form

readily from the other members of the genus from the Khirthar series of strata, and on

this account we have accorded to it a specific name. The following points may be

noticed :

—

The test is of moderate size, subdepressed and elongately oval in marginal con-

tour, the breadth being seven eighths of the length. The dorsal surface is low, but

convex. Seen in longitudinal profile the anterior slope is a full and well-rounded curve

(probably emphasized in our specimen by crushing) ; and the posterior slope is gentle,

passing with a well-rounded sweep over the slight posterior rostration, and terminating

precipitously at the posterior extremity.

The apical disk is very excentric in front, and the ambulacral rosette is compara-

tively small, and, owing to the shortness of the posterior petals, has a very excentric

appearance generally. The odd anterior ambulacrum is the shortest and narrowest

;

the anterior pair of petals are equal to or slightly longer than the posterior pair,

and are decidedly the broadest. The outline of the petals is elliptically lanceolate,

expanding rapidly from the apical extremity, and converging towards the outer extre-

mity. The poriferous zones are unequal, especially those of the anterior pair of petals,

in which the anterior zone is shorter by ten or eleven pairs of pores than the companion

zone. The posterior zone of the posterior petals is similarly shorter than its com-

panion ; but to what extent the condition of the specimen does not enable to be deter-

mined accurately. The breadth of the zone is very uniform throughout, and is only

very slightly broader midway than at the outer extremity. The inner pores are round

or faintly oval transversely, and the outer larger and transversely elongate, becommg

comma-shaped on the outer portion of the zone. The pores of a pair are united by a

well-defined conjugating furrow ; and the position of the pairs is oblique in relation to

the median line of the petal, the obliquity increasing towards the outer extremity of

2a
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the zone, where also the pores of a pair exhibit a faint tendency to stand at an angle in

relation to one another. The petals are flush with the surface of the test ; and the inter-

poriferous area is about two and a half times the width of the poriferous zone at its

widest part, but very little more than one and a half at the extremity of the petal,

measured at the termination of the short anterior zone. The ornamentation of the

interporiferous area is similar to that of the rest of the abactinal surface of the test,

and consists of small primary tubercles sunken in small, equidistantly-spa'ced scrobi-

cules, with the intervening spaces rather broad, but less than the diameter of the

scrobicules, the structure being remarkably confluent, almost to the complete obli-

teration of the component granules ; and the margins of the scrobicules have a

slightly bevelled appearance. In the region of the ambitus the scrobicules are inore

closely placed.

Nearly the whole of the actinal surface is either obscured or destroyed. There is

a considerable and widely extended depression towards the peristome, the position of

which is more or less excentric in front. The periproct is small, transversely oval, and

encroaching on the margin.

Remarks. This species is closely allied to E. Jacquemonti, d'Archiac and Haime

;

but diffiers in the form of the test, and in the smaller and comparatively more excen-

trically-placed ambulacral rosette ; whilst the general height and tumidity of the sides

also appear wanting in our form, and the concavity of its actinal surface is very much

greater than in E. Jacquemonti.

Dimensions. Length of the test 40 millim., breadth 35 millim., height 17'5 millim.

(somewhat crushed).

Locality. Khirthar series of strata :—Trak Hill, seventeen miles south of Bula

Khan's Thana. Survey-number ^.

Illustrations of the Species in Plate XXXII.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test : natural size.

11. EcHmoLAMPAS, sp. (Junior). Plate XXXI, Figs. 1-5.

Amongst the rich collection of Echinolampads from the Khirthar series, there are

two unquestionably in a premature stage of development, but which, from their striking

character, we are unable to refer to any of the species previously described. The test

is of small size, elongate, and subcylindrical, with an elongately oval marginal contour,

full and well-rounded in front, slightly widest across the posterior third, thence rather

rapidly contracted and pointed posteriorly. The breadth is proportional to the length

as 0-75 : 1. The dorsal surface is convex along the longitudinal axis of the test, and
the margins are full and tumid. The height is rather more than half the length, being

in the proportion of 0-59 : 1. Seen in longitudinal profile the flatness of the dorsal



OF WESTERN SIND. 175

surface is very striking, passing with a well-rounded curve over the anterior extremity,

which is continued on to the actinal surface ; the posterior curve is more rapid, and

terminates above the periproct, forming a rather prominent roof over that aperture.

Seen in transverse profile the subcylindrical form is evident, the convexity of all regions

being remarkable. The actinal surface is almost as convex as the abactinal. The

apical disk is very excentric in front, its distance from the anterior extremity being

five sixteenths of the length of the test. There are four well-developed generative

pores, and the anterior are much closer together than the posterior pair. The ocular

foramina are comparatively large and distant from the disk, as defined by the gene-

rative pores.

The ambulacra are petaloid and unequal. The odd anterior is the shortest, and

the posterior pair are the longest. All are lanceolate and tapering towards the apex,

and more or less convergent at the outer extremity, the odd anterior petal being the

least so. In the odd anterior ambulacrum the poriferous zones are equal, each having

eleven pairs of pores. The distance of the pores apart in each pair increases from the

apex up to the ninth pair and then begins to diminish, this giving the tendency to

closure in the petal's outline. All the pores are round, and those of a pair are united

by a well-defined conjugating furrow. The antero-lateral petals are equal in breadth

to the odd anterior petal or perhaps the slightest shade wider. The poriferous zones

are unequal, the anterior zone being shorter than the posterior ; the number of pairs of

pores in each is nine and thirteen respectively ; and the posterior zone forms a sweeping

well-rounded curve, convexity backwards. The posterior petals are a shade wider than

the anterior pair, and are considerably longer. The poriferous zones are unequal, the

anterior being the longest. The number of pairs in each zone is seventeen in the

anterior and fourteen or fifteen in the posterior. All the petals terminate at the

commencement of the rounding of the margin, and are consequently entirely confined

to the dorsal area.

The peristome is very large and subelliptical in shape, placed transversely, the

lateral extremities being acutely angular. The breadth is 4 millim., and the length

2 millim. It is excentric in front, but much less so than the apical disk. There is

no peristomial wall or lip, and no traces of phyllodes or bourrelets have yet been

developed.

The periproct is large and transversely oval ; it is inframarginal, with the plane of

the orifice nearly at an angle of 45° to the plane of the actinal surface, its position

being in the rounding between the ambitus and true actinal area. The posterior

interradium forms a prominent roof over the upper margin of the opening.

Memarks. Owing to the juvenile character of the tests under notice, we have

abstained from assigning any name to them until a further supply of material can be

studied. From the fact that we are unable to associate them with the young of any

of the forms described in the preceding pages, it would seem to be probable that they

may belong to a distinct species.

Dimensions. Length of the test 16 millim., breadth 12 mUlim., height 9*5 millim.

2a2
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A second test from the same locality is somewhat larger ; but has been too much

crushed for measurement.

Locality. In the Khirthar series of strata :—Baili, west of Tong. Survey-number
G304
23 •

Illustrations of the Species in Plate XXXI.

Fig. 1. Abactinal view of the test : natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test : natural size.

4. Abactinal area, showing the ambulacral petals and apical disk ; magnified.

5. The peristome and surrounding portions of the test : magnified.

There is a very small specimen, measuring 10 millim. in length, from a locality

five miles east-fifteen-north of Ghatana Trig station near Jhimpir (Survey-number -jQg-),

which we refer with some hesitation to the same form as the above. This form accords

in shape, proportions, and general characters with that above described ; but is remark-

able for the immature state of the odd anterior ambulacrum. The example is obviously

too immature for accurate determination.

12. EcHiNOLAMPAS, sp. Plate XXXVI, Figs. 22 & 23.

There is a single specimen of a small Echinolampas in the collection, which is

certainly distinct from the other forms we have described ; but which is unfortunately so

much obscured by matrix that a complete description is impossible.

The test is subdepressed, with a rotund marginal contour, the greatest breadth

being between the posterior part of the lateral interradia. The length is about

29 millim., and the estimated breadth 27 millim. The height is about 14 millim. ; and

the dorsal surface seen in longitudinal profile presents a remarkably regular convexity,

sloping uniformly anteriorly and posteriorly, and springing direct from the ambitus,

which is well, but rather abruptly, rounded on to the actinal surface.

The apical disk is excentric in front ; it is comparatively large, and the central

portion, which is occupied by the madreporiform body, is slightly elevated. The
ambulacra are comparatively narrow, but conspicuously petaloid, the zones of a

petal converging considerably towards the outer extremity. The posterior petals are

rather longer than the anterior pair. The poriferous zones are unequal, the left

zone of the odd anterior ambulacrum and the anterior zone of the antero-lateral

petals, and thfe posterior zone of the postero-lateral petals being shorter than their

respective companions ; the inner series of pores are round and the outer pyriform,

with the pores of a pair rather wide apart, and united with a well-defined conju-

gating furrow. The divisional costse appear to be smooth and devoid of tubercles or

granules. The width of the poriferous zone is rather less than half the width of the

interporiferous area at its widest part. The other structures of the test are obscured.

Bemarhs. This species is interesting from its occurrence in the white limestone in

company with great numbers of Hemiaster digonus ; and no other species of Echino-

lanvpas are associated with it. On these accounts we consider it desirable to record
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the presence of this form ; and a drawing of the solitary example has been given in

Plate XXXVI. for future reference, and to facilitate identification when a further supply

of material may enable a complete diagnosis to be furnished.

Locality. In the Khirthar series of strata:—Bolari bridge on the Baran rivers,

south-west of Kotri. Survey-number —gg-.

Elustrations of the Species in Plate XXXVI.

Fig. 22. Abactinal view of the test : natural size.

23. Longitudinal profile of the test: natural size.

Subfamily EOEINANTEIN^.

Gems ECHINANTHUS, Breynius, 1732.

(See antea, p. 12, Part i.)

1. EcHiNAWTHUs iNTERMEDius, Buncan & Sladen. Plate XXXII, Figs. 4-8.

Test of medium size. Marginal contour elongately oval, well-rounded in front,

more contracted and produced behind, where the test is subrostrate and truncate. The

greatest breadth is behind the centre of the test, and equals about four fifths of the

length. The dorsal surface is depressed and slightly convex ; the greatest height, which

lies between the extremities of the posterior petals, is but very little more than two

fifths of the length. Seen in longitudinal profile, the anterior slope is a low gradual

declivity passing abruptly with a well-rounded curve over the tumid anterior margin

;

and the posterior slope is much shorter and more rapid, terminating abruptly at the

posterior truncation. The transverse profile shows the dorsal area slightly subconoid,

with the margins thick, tumid, and well-rounded. The actinal surface is tumid

laterally, with a well-defined depression corresponding with the longitudinal axis of the

test in front of the peristome, and behind dividing into two diverging depressions which

bound the more or less tumid median region of the odd posterior interradium, and

correspond with the course of the posterior ambulacra.

The apical disk is excentric in front, its distance from the anterior margin being

rather more than one third of the length of the test, or measuring 11 millim. in an

example 30 millim. long.

The ambulacra are conspicuously petaloid in outline, lancet-shaped and almost

closed at the outer extremity, simulating in a remarkable manner the ambulacral

rosette of Ilarionia Sindensis. The posterior petals are longer than the three anterior

petals, which are equal in length, but the odd anterior ambulacrum is the narrowest,

and is more widely open at the extremity and much less petaloid than the others.

The poriferous zones are equal and narrow, and the pores are subequal, the inner series

round, and the outer series with a tendency to become oval ; the pores of a pair are

united by a faint conjugating furrow, and adjacent pairs separated by low ill-defined

costEe, which probably bore three or four rather large isolated granules. The inter-
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poriferous areas are rather less than twice the width of the poriferous zone in the

posterior pair of petals, but are rather more than twice the width of the poriferous

zone in the anterior pair of petals.

The peristome, though excentric in front, is nearer to the centre than the apical

disk ; it is large, transverse, and pentagonal, the transverse diameter being twice that of

the longitudinal diameter. There is a faint tendency towards thickening at the

margin, but bourrelets are not developed. In the ambulacral areas the peristomial

plates exhibit conspicuously the companion pair of buccal pores ; and the poriferous

zones in the vicinity of the peristome present a few well-defined pores, some of which

are internal to, and alternating with, the main series, and suggest the rudiments of an

incipient phyllode.

The periproct is large and elliptical, placed longitudinally at the summit of the

posterior rostration, of which it occupies a large portion of the surface. The length

of the aperture is nearly twice the measure of its transverse diameter. The inferior

margin of the posterior rostration is full and well-rounded ; and a more or less tumid

development at the margin on either side the median line gives emphasis to a slight

depression beneath the periproct. Actinally the odd posterior interambulacrum is tumid

near the margin, a character which gradually diminishes towards the peristome.

The ornamentation of the test is almost entirely destroyed ; from what remains it

appears to have been small, crowded, and very uniform throughout.

Remarks. It is not without much hesitation that we have given a name to this

solitary and badly preserved specimen. In many respects it resembles in a remarkable

manner Ilarionia Sindensis, which in the characters of the ambulacral rosette it may

almost be said to mimic. The depressed and differently shaped test, the characters of

the peristome, of the incipient phyllodes, and of the actinal surface generally are

quite distinct and unconformable with Ilarionia. The species under notice constitutes,

however, a striking link between that genus and EcJiinanthus.

Dimensions.

millim.

Length of the test 30

Breadth of the test 24'5

Height of the test 13

Locality. In the Khirthar series of strata :—Baili, west of Tong. Survey-number
a 304

23 •

Illustrations of the Species in Plate XXXII.

Fig. 4. Abactinal view of the test : natural size.

5. Actinal view of the test : natural size.

6. Longitudinal profile of the test: natural size.

7. Transverse profile, seen from behind : natural size.

8. The peristome and surrounding portions of the test : magnified.
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Genus ILAEIONIA, Dames, 1877.

Test elongately oval or oviform, subdepressed, more or less convex above, flat or

slightly convex below ; margins very thick and tumid.

Apical disk compact, excentric in front.

Ambulacra petaloid ; petals short, unequal, lancet-shaped, contracting towards the

outer extremity, which is nearly closed. Poriferous zones equal, pores round or slightly

oval ;
pores of a pair united by a conjugating groove.

Peristome decagonal, or subpentagonal, with raised rim and special tubercles

more or less developed. No floscelle.

Periproct elongately oval, situated on the upper part of the vertically truncate

posterior extremity.

Ornamentation very uniform ; tubercles small, sunken in deep scrobicules, closely

placed, miliary granulation confluent and compact. A more or less well-defined band,

devoid of scrobicules, present between the peristome and periproct.

The distinctive character oi Ilarionia, as pointed out by Dr. W. Dames, consists in

the peculiar structure of the peristome. This was described by him * as having a dec-

agonal outline which might be represented by an equilateral pentagon from which the

angles had been abruptly truncated by short lines ; the long lines, corresponding with

the interambulacral areas, being granular, whilst the short lines, which would corre-

spond with the ambulacra, are smooth. Furthermore, at the junction of the long and

short lines a small smooth tubercle is present, the peristome being consequently sur-

rounded by ten of these protuberances. The margin of the aperture is raised and

extends far upwards into the body-cavity of the test, the walls corresponding with the

interambulacral areas being finely granulated. In other respects the genus unites in a

remarkable manner the characters of Echinanthus and Pygorhynchus.

1. Ilabionia Sindensis, Duncan & Sladen. Plate XXXII, Figs. 9-18.

Test of small or medium size. Marginal contour elongately oval, well-rounded in

front, more contracted behind, and vertically truncate at the posterior extremity. The

greatest breadth lies usually midway between the extremities, and is about seventeen

twentieths of the length, or in the proportion of 0'85 : 1. The dorsal surface is mode-

rately high and flatly convex ; the height being rather more than three fifths of the

length, or (in the type specimen) as 0'63 : 1. The position of the apical summit or

greatest height of the test is subject to variation, and may either correspond with the

apical disk, which is excentric in front, or may be situated between the extremities of

the posterior petals, and consequently excentric behind. There is likewise a conform-

able variation in the longitudinal profile of the test. In the type the outline is very

cylindrical, the median portion of the abactinal surface being almost flat, passing with

a well-rounded curve over the anterior extremity, and sloping down posteriorly with a

gentle curve tillit meets the abrupt posterior truncation, which is vertical. In tests

* Die Echiniden der vicentinisclieii und veronesisclieii Tertiarablagerungeii, p. 34. Palseontographica,

N. P. V. 1 (xxv.).
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having the apical summit more pronounced, the flatness of the abactinal surface gives

place to a gentle declivity on either side of the apical prominence. Seen in transverse

profile the outline is a depressed oval, more or less uniformly tumid. The actinal

surface is more or less convex, with a low ridge of greatest convexity corresponding

with the longitudinal axis of the test, which is, however, scarcely apparent in front of

the peristome. The margins are thick, giving the idea of deep sides, and are mode-

rately tumid. The passage from the lateral on to the actinal surface is well-rounded

and uninterrupted, excepting beneath the posterior truncation, where the rounding is

much sharper and subangular.

The apical disk is excentric in front, its distance from the anterior extremity of

the test being proportional to the longitudinal axis as 0*37 : 1. The structure of the

disk is compact, with four generative pores, the anterior pair more closely placed than

the posterior pair, and the central portion slightly elevated and covered with the

punctures of the madreporiform body.

The ambulacral petals are short and unequal, the odd anterior ambulacrum being

slightly the shortest and narrowest, and the posterior pair the longest. The outline

of the petals is lancet-shaped, the poriferous zones diverging rather rapidly from the

apex, and attain the greatest width at a point nearer the apex than midway between

the extremities of the petals ; from thence the zones converge towards the extremity of

the petal, which is nearly closed. The poriferous zones are equal and narrow, increasing

very slightly in breadth as they proceed outward, but again contracting slightly for a

short distance at the outer extremity. The inner series of pores are round, and the

outer series are subequal or slightly larger and show the faintest tendency towards

becoming comma-shaped ; the pores of a pair are united by a well-defined conjugating

furrow, and the divisional costse form narrow ridges, indefinitely granulated. The
interporiferous areas have a faintly tumid appearance in consequence of the poriferous

zones being slightly sunken in a shallow groove ; the width of the area at its greatest

breadth is about three times the width of a poriferous zone or even rather more, whilst

at the outer extremity of the petal it is scarcely more than the width of the poriferous

zone. The extrapetalous continuations of the ambulacra are invisible in the orna-

mentation of the test until close to the peristome, where a few single pores are discernible.

The ornamentation of the interporiferous area is similar to that of the interradial por-

tions of the test, and consists of small primary tubercles in sunken scrobicules, closely

and equidistantly placed, the intermediate space being less than the diameter of the

scrobicules and having its miliary granulation entirely confluent. The character

of the ornamentation is very homogeneous throughout the test. On the actinal surface

a rather narrow, but usually well-defined, band of pitted structure extends from the

peristome up to the posterior extremity of the test, on which no scrobicules and primary

tubercles occur.

The peristome is large and excentric in front, lying beneath the apical disk. It

is transversely oval or subdecagonal in outline, having a raised rim around its margin,

and the peristomial wall extending vertically upward into the body-cavity. The por-

tions of this wall which correspond to the interambulacral areas are uniformly granu-
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lated, and the portions corresponding to the ambulacra are comparatively narrow strips.

On the raised peristomial rim there is a small, feebly developed granule on the ambu-

lacral portion of the rim at its junction with the apparently continuous interambulacral

portion; there are thus two granules near together opposite each ambulacral area.

These granules, however, are not always clearly discernible in every specimen and are

not always equally developed in each individual. Outside the peristomial ring the

poriferous zones of the ambulacra are represented by three or four pores closely placed

in uniserial line, and there is no tendency to form a phyllode.

The periproct is elongately oval or elliptical, placed longitudinally at the upper

part of the vertical posterior truncation of the test ; its length is twice its breadth, and

is about equal to the transverse diameter of the peristome. Above the periproct the

odd posterior interradium forms a slightly tumid keel along the outer portion of the

median dorsal line, but no roof whatever is formed over the aperture ; and when viewed

abactinally from behind, the sides of the test seem to be nipped-in at the sides of the peri-

proct, which causes this aperture to appear to be placed at the extremity of a somewhat

pointed prolongation of the test. Beneath the periproct there is no channel, although

a very faint median depression laay sometimes be noticed ; and the inferior margin of

the posterior truncation is full, tumid and abruptly rounded, joining the prominent

median tumidity of the actinal portion of the odd posterior interradium.

Variations. The chief variations noticed in this species are those which affect the

marginal contour, the relations of length to breadth, the position of the apical summit

of the test, and the consequent modification in the longitudinal profile. These points

have been referred to above, and the other details of structure appear to be very con-

stant. An elongate variety, produced and contracted posteriorly, and with the apical

summit excentric behind, is shown in Figs. 15 and 16 ; and a small subrotund variety,

which appears to be uncommon, with the apical summit corresponding with the apical

disk, is given in Figs. 17 and 18.

Bemarks. Although the Indian species does not show the peculiar characters of

the peristome in such a marked manner as the type form of the genus, I. Beggiatoi,

Laube, sp., we do not hesitate to include the present Echinoids in the same category.

The two species are well distinguished from other EchinantUnoB and cannot be

mistaken.

Bimensions.

a. h. c. d.

millim. milliin. millim. millim.

Length of the test 27 29 22 18-6

Breadth of the test 23 23-5 20 16

Height of the test 17 17-5 13 13

Localities. In the Khirthar series of strata:—i. Baili, west of T6ng. Survey-

n G304number ^g—

ii. Trak! hilLfseventeen miles south of Blila Khdn's Thana. Survey-number

-gs-. (A small example.)

2b
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Illustrations of the Species in Plate XXXII.

Fig. 9. Abactinal view of the test : natural size.

10. Actinal view of the test : natural size.

11. Longitudinal profile of the test : natural size.

12. Transverse profile, seen from behind : natural size,

13. Abactinal area, showing the petals and apical disk : magnified.

14. The peristome and surrounding portions of the test : magnified.

15. Abactinal view of the test of another specimen, an elongate variety

natural size.

16. Longitudinal profile of the same test: natural size.

17. Abactinal view of the test of a small round example : natural size.

18. Longitudinal profile of the same test : natural size.

Genus CASSIDULUS, Lamarck, 1801.

(See anted, p. 65, Part ii.)

1. Cassidulus subinvaginatus, Dumcan & Sladen. Plate XXXIII, Figs. 17-20.

Test rather small, elongate, and subdepressed. Marginal contour elliptically oval,

more contracted in front than behind, where the extreme posterior margin is slightly

truncated. The greatest width of the test is nearly three fourths of the length, and is

situated midway across the test, or perhaps occasionally somewhat behind this line. The

greatest height is nearly one half the length. The dorsal surface is convex, and higher

in the two posterior thirds of the test than in the anterior third, the latter portion of

the test sloping gently from the apical disk to the margin, and the posterior extremity

sloping abruptly at a high and almost precipitous angle down to the margin. The lon-

gitudinal profile shows an abactinal curvature of low convexity, rising gradually and

slowly from the anterior margin, rather flattened at the apex, and then descending

sharply and precipitously at a high angle at the posterior extremity. The transverse

profile shows a regular convex curve, and the margins are comparatively thick, tumid,

and well rounded. When viewed from the side, the ambitus is seen to be somewhat

fuller or more tumid actinally in the region midway between the extremities. The
actinal surface is concave, with a tendency to form a longitudinal trough, the lateral

portions of the test being specially tumid.

The apical disk is small and slightly excentric in front. There are four small

genital pores, the anterior pair being nearer together than the posterior pair. The
ocular plates are small, and indistinguishable in the state of the preservation of our

material. The ambulacral petals are unequal, the anterior pair being rather shorter

than the others. Their external outline is gracefully lanceolate, contracting slightly

towards the outer extremity, where, however, they are widely open, and terminate at

some distance from the margin. The poriferous zones are equal and broad, being only

a little narrower at the widest part than the breadth of the interporiferous area.. The



OF WESTERN SIND. 18.S

inner pores are round, and the outer pores pyriform, the pair being united by a well-

defined furrow ; and each pair separated from the neighbouring pair by a broad costal

ridge. The poriferous zones diminish only slightly in breadth towards the outer extre-

mity. The interporiferous area is lanceolate in outline, slightly narrower at the outer

extremity than across the middle of the petal, and converging rapidly towards the apical

disk. We are unfortunately unable to describe in detail the character of the floscelle,

as in one of our specimens that portion of the test is obscured by matrix, and in the

other is so greatly weather-worn that nothing but the general Cassidulid character

is discernible. The bourrelets do not appear to have been very prominent.

The ornamentation of the abactinal area of the test consists of small primary

tubercles, sunken in small, uniform, rather widely spaced scrobicules, the intermediate

portion of the test being coalescent and comparatively broad, which gives a somewhat

coarse appearance to the ornamentation. On the actinal surface the scrobicules are very

large, and the tubercles are placed near the side of the cavity. In the neighbourhood

of the median longitudinal line there is much pitted structure and coalescence in place

of scrobicules.

The peristome is slightly excentric in front ; unfortunately its form is indistin-

guishable in our specimens.

The periproct is situated in a long, narrow, elliptical depression or slit, extending

from the upper extremity of the posterior declivity nearly down to the margin. In the

test below the periproct there is a slight trough or channel, which disappears on the

rounding of the margin. There is no hood or overhanging prominence above the peri-

proct, the test appearing as if slightly pinched together and angular there, and the

lateral margins of the periproct-slit are slightly impressed or bent inwards.

Bemarks. This species is much more elliptical than the allied form, C. ellipticus,

from the Ranikot series, the test being more almond-shaped, more contracted anteriorly,

with the apical disk more excentric, and the character of the posterior rostration and of

the periproct also different. The forms are distinctly separate.

Dimensions.
millim.

Length of the test 23

Breadth of the test 17

Height of the test 11

A second specimen is of the same size, but somewhat crushed.

Locality/. In the Khirthar series :—Baili, west of Tong. Survey-number ^^.

Illustrations of the Species in Plate XXXIII.

Fig. 17. Abactinal view of the test: natural size.

18. Actinal view of the test : natural size.

19. Longitudinal profile of the test: natural size.

20. The test, seen from behind : natural size.

2b2
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Genus EHYNCHOPYGUS, d'OrUgny, 1801.

(See cvniea, p. 67, Part ii.)

1. Rhtnchoptgus Caldbei, d'Archiac & Haime, sp. Plate XXXIII, Figs. 1-6.

Eurhodia Calderi, d'Archiac 8f Haime, Descrip. Anim. foss. du groupe numm. de I'Inde, p. 352, pi. xxx,

fig. 19.

Test of moderate size. Marginal contour suboval, rather flattened at the sides,

somewhat elliptically rounded in front, and distinctly truncate posteriorly, where it is

also slightly reenteringly curved. In some examples the greatest width is in a line with

the extremities of the postero-lateral petals ; and a somewhat angular protuberance is

produced in the contour by the rather rapid rounding of the margin from this point

until it joins the posterior truncation. The breadth is usually about three fourths of the

length ; but in some cases the disproportion is slightly less. The dorsal surface is

moderately high, with a subcarinate or rounded ridge along the longitudinal axis, from

which the sides are inclined roof-like. The vertical height at the summit is rather more

than one half the length. The apical summit of the test is excentric in front ; and when

seen in longitudinal profile the dorsal surface shows a more rapid anterior than posterior

slope, the disparity, however, being variable and dependent on the greater or less

«xcentricity of the summit.

The transverse profile exhibits an arch-like contour, produced by the longitudinal

earination of the test. The margin is tumid, but less so posteriorly, and more or less

conspicuous protuberances are present at the posterior third and near to the posterior

truncation. When seen in profile, the ambitus presents a graceful curve, in consequence

of the anterior part of the test being on a slightly higher level than the sides ; and there

is a corresponding upward slope posteriorly, starting from the protuberance on the

margin, which stands in line with the extremities of the postero-lateral petals. The

anterior portion of the dorsal surface is rather more sharply carinate than the posterior

portion, which is frequently more rounded. The longitudinal keel is terminated

posteriorly by a prominent lip, which overhangs the periproct. The actinal surface is

concave, a more or less distinct longitudinal trough being frequently produced.

The apical disk is small and inconspicuous, usually a little in advance of the summit

of the test. The four small genital plates have moderately large pores, which are

almost equidistantly spaced. The ocular plates are very minute ; those in connexion

with the odd and the anterior pair of petals lie between and separate their neighbouring

genital plates ; whilst those in connexion with the posterior pair of petals are placed on

the inner side of the posterior genital plates, and are separated from one another by an

extension of the madreporiform body, which also occupies the whole of the central

portion of the disk.

The ambulacral petals are flush with the surface of the test and unequal. The odd

anterior ambulacrum is large, broad, open anteriorly, and has broad poriferous zones

;

the line of the inner pores is nearly straight, and that of the outer pores forms a curve.
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in consequence of the pairs of pores being wider apart midway upon the petal than at

the extremities. The inner pores are round, and the outer pores elongate or comma-

shaped ; with the connecting furrow very narrow and difficult to make out, and often

appearing to be obliterated before reaching the inner pore. The divisional septa are

broad, and ornamented with one or two primary tubercles in sunken scrobicules, rather

smaller than those in the interporiferous area. The interporiferous area is nearly equal

to twice the width of the poriferous zone at its widest part ; it is ornamented with rather

smaller primary tubercles than those upon the iaterradial plates of the test. The odd

anterior ambulacrum terminates at a short distance before the tumid rounding of the

margin commences. The antero-lateral petals are much shorter than the odd anterior

one, and are a shade narrower at their widest part. On the outer half of their

poriferous zones the distance which separates the pores of a pair commences to

diminish more rapidly than in the odd anterior petal, in consequence of which the

line of the outer pores forms a much more rapid curve, which causes the petal to have

a more contracted appearance. The interporiferous area is narrower than in the odd

anterior petal, and is somewhat more contracted at the outer extremity, hence the

poriferous zones are much closer together in the antero-lateral petals. The postero-

lateral petals are about equal in length to the odd anterior petal, and are consequently

longer than the anterior pair, with which, however, they correspond in breadth. The

poriferous zones do not contract in width so rapidly as in the anterior pair, and the

anterior zone of each postero-lateral petal usually appears to be somewhat broader than

the companion zone of the same petal. The postero-lateral petals terminate about

midway between the apical disk and the margin ; whilst the antero-lateral petals extend

very slightly beyond the same proportional distance, the space beyond the posterior pair

being obviously much greater.

The ornamentation of the interradial portions of the abactinal area is very uniform,

and consists of small primary tubercles, sunken in deep small scrobicules, closely placed,

and with the intermediate portions coalesced or confluent. On the actinal surface the

tubercles and the scrobicules become larger as they approach the mouth, and the former

are distinctly perforate. Along the median interradial line in the posterior interradium

there is much of the deep-pitted ornamentation characteristic of this genus.

The peristome is large, pentagonal, and longitudinally elongate. It is excentric in

front, placed beneath the apical disk, and presents a well-developed floscelle. The

bourrelets are subequal, large, deep, conspicuous, and rather angularly subtubercular

externally, their whole surface covered with fine uniform granulation. The phyllodes

are wide and well developed. They consist of a curved outer line of pores, six to eleven

in number, the outline of the phyllode being somewhat lyre-shaped, and an inner series

of four to five pores to each zone standing in a more or less straight line ; and inside the

lines of inner pores are a corresponding number of spheeridia-pits, each companion pore

and pit being separated from the neighbouring pair by a more or less developed costal

ridge. Indistinct ridges are present in connexion with the series of outer pores. There

is a very narrow but distinct channel between each bourrelet, and a pore is present at

the outer extremity of each of the long, delicate peristomial plates. The odd anterior
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phyllode is rather shorter than those of the lateral ambulacra ; and a pitted structure

occurs along the actinal course of the odd anterior ambulacral area, instead of

scrobicules with tubercles as in all the others. These pits extend nearly to the margin,

and are smaller and wider apart than in the posterior interradial pitted space mentioned

above.

The periproct is above the ambitus, and somewhat away from the margin ; the

aperture is large, transverse, and overhung by the conspicuous rounded supra-anal pro-

jection of the dorsal posterior interradial carination. The portion of the test beneath

the periproct is slightly hollowed into a wide but shallow groove, which extends to the

rounded margin, and, passing over it, becomes fainter, but still feebly indents the con-

tour of the posterior truncation.

Young form. A small test, 20 millim. in length, presents all the characteristics of

the adult, the specific fades being unmistakable.

Variations. A considerable amount of variation within small limits is exhibited by

the series of Khirthar specimens. This principally affects :—(1) the marginal contour,

by the narrowing of the anterior portion of the test ; (2) the dorsal area, by varying

degrees of tumidity ; and (3) the actinal area, by an increase or a diminution in the

amount and distinctness of the longitudinal concavity, together with a greater or less

tumidity of the margins.

A singular monstrosity occurs in one of the specimens, which consists in having the

odd anterior petal entirely aborted. Notwithstanding this extraordinary defect, the

shape of the test maintains its regularity, and the missing ambulacrum is only noticeable

on examination. Only three genital pores are present, and only the posterior pair

are in their proper position. The specimen is figured on account of this interesting

malformation.

Dimensions.

a b. c. d. e. f.

millim. millim. millim. millim. miUim. millim.

Length of the test ... 34 35 42 37 36 20

Breadth of the test . . 26 26 30-5 27 27-5 15

Height of the test . . . 19 18 16-5 20-5 18 10

Width of odd anterior ambulacrum of specimen marked " a" . 4 millim.

Width of interporiferous area of the same petal 1"8 „

number™
Localities. In the Khirthar series:—i. Twelve miles east of Kandaira. Survey-

Der ^^.

ii. Aongar hiU-scarp, east of Meting Eailway-station. Survey-number 5^.

Illustrations of the Species in Plate XXXIII.

Fig. 1. Abactinal view of the test: natural size.

2. Longitudinal view of the same test : natural size.

3. The same test, seen from behind : natural size.
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Fig. 4. Actinal view of another test : natural size.

5. The peristome and surrounding portions : magnified,

6. Abactinal view of an abnormal specimen, in which the odd anterior

ambulacrum is aborted : natural size.

2. Rhtnchopygus pygm^us, Duncan ^ Sladen. Plate XXXIII, Figs. 7-16.

Ehynehopygus pygmsBus, Duncan Sf Sladen, Pal. Ind., Poss. Echin. Western Sind, Fasc. ii. (Eanikot

8eries), p. 61, pi. xv, figs. 5 & 6.

It was remarked in the preceding fasciculus of this work, when describing the

Echinoidea of the Eanikot series, that the present species differs from B. Calderi mainly

in its small size and in the different shape of the test, the disproportion of length to

breadth being less, the abactinal area being regularly convex, without any trace of the

longitudinal keel, and the posterior truncation barely existing. Furthermore, the peri-

stome is more regularly pentagonal, and the bourrelets are more sharply tubercular than

in R. Calderi. Excepting these points, the general details of the characters of these

small tests accord very closely with the description of R. Calderi ; and under these cir-

cumstances we deem it unnecessary to add to our previous remarks. When studying

the few Eanikot specimens of this species we were inclined to think that the form under

notice might perhaps prove to be only the young of a variety of i?. Calderi, or even of

i?. Calderi itself. With the larger series of examples from the Khirthar beds now at

our disposal, we consider that such a supposition is almost untenable. The form has

been collected at a number of stations ; and although a considerable amount of variation

is found when the series from different localities are compared, and even amongst indi-

viduals from the same locality, we are unable to detect a transition between i?. fygmosus

and H. Calderi. Young specimens of i?. Calderi, of equal size to the present species,

present all the characters of the adult form ; whilst, on the other hand, examples which

appear to be abnormally large ioxB.pygmoeus maintain the characters and general facies

above defined.

BemarJcs. The chief variations occurring in this inconstant form are those which

affect the relative proportions of length, breadth, and height, together with the position

of greatest breadth. A remarkably depressed example occurs, bearing the Survey-number

^^, in which the abactinal area is very low, the margins tumid, the contour prominent

anteriorly and truncate posteriorly, and with the periproct wide and exposed. This

latter character appears to be owing to damage of the test through weather-wearing.

Had this abnormal form been represented only by a solitary example, it would have

probably been placed as a well-marked variety. From the fact, however, that other

depressed specimens occur from Stations 117 and 112, which appear to us to form a

transition with the normal type of the species, any nominal recognition of the variation

would seem undesirable. The specimen is drawn in Figs. 15 & 16.

A large and very elongate example comes from Station 111 c, which in marginal

contour resembles the contour of B. Calderi when seen from below more nearly than

any other specimens we have examined. The abactinal surface is low even for B.
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Family SPATANGIDjE.

Subfamily SPATANGINJE.

Genus MICKASTER, Agassiz, 1836.

Test more or less heart-shaped and inflated, with the anterior margin indented

by the anteal sulcus.

Apical disk compact, subcentral or excentric in front.

The paired ambulacra petaloid, unequal, placed in shallow furrows. Poriferous

zones equal ; pores equal, pairs united by a conjugating furrow. The odd anterior

ambulacrum placed in a sulcus, which is usually broad but not very deep ; its pori-

ferous zones are very narrow, with minute pores placed in widely spaced, oblique

pairs.

Peristome bilabiate, very excentric in front.

Periproct oval, on the posterior extremity

A single fasciole, subanal, encircling the inferior margin of the posterior ex-

tremity.

Tubercles small, perforate and crenulate.

1. MicEASTBE TUMiDus, Dimcan & 8laden. Plate XXXVII, Figs. 1-6.

Test of moderate size, tumid, roundly cordiform, vertically truncate posteriorly.

Length rather greater than the breadth, or proportional as 1 : 0-95, the greatest

breadth being slightly in front of the centre. Anteriorly the marginal contour is full

and well-rounded, with the faintest suggestion of an impression corresponding with the

position of the odd anterior ambulacrum, and a slight flattening midway on the antero-

lateral interradia. Behind the line of greatest breadth the test converges gradually and

regularly, terminating with a rather sharp rounding on the posterior truncation. The

greatest height is excentric posteriorly, and is equal to about three fourths of the length,

the proportions of length to height beitig as 1 : 0"76. The test is high, full, and tumid.

When viewed in longitudinal profile, the anterior slope is seen to dip at a comparatively

slight angle, the anterior margin being very high, thick, and rounded. At the position

of greatest height there is a gentle convex curve, and the posterior slope is much more

rapid, as well as more convex, than the anterior. The posterior truncation is vertical,

and is well rounded beneath on to the actinal surface. Seen in transverse profile, the

great tumidity of the sides of the test is specially remarkable. The actinal surface is

convex, the resting-plane being along the median line of the plastron, whence the

test slopes downwards to the lateral margins. It is also rounded in fi-ont. There is a

slight prominence on either side where the posterior truncation unites with the

plastron. The periproct is very high, and placed at the top of the posterior extremity.

The apical system is small, slightly excentric in front, and consequently far in front

of the general summit of the test; and its character is very compact. The four

2c
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interradial (genital) plates are elongately hexagonal in shape and subequal in size, all

touching one another equally. Three only are perforated by the genital foramina, which

are large, circular, and occupy the greater portion of the plate. The fourth, or

unpunctured, plate is the madreporite, and is perhaps a shade smaller than the other

three, no extra development of this plate centrally taking place. The madreporiform

body is small, compact, slightly convex, and confined to a limited oval area in the

median portion of the plate. The ocular plates are comparatively large and subpent-

agonal in shape, and the posterior part of the plate forms a depressed cavity, vi^ithin

which the ocular pore is situated. The plates corresponding to the three anterior

ambulacra each fill the angle between two of the facets of neighbouring genital plates.

The two posterior ocular plates are juxtaposed; the right-hand plate is somewhat

larger than its companion, and touches both of the posterior genital plates, the left

posterior ocular plate filling in the angle formed by the sides of the left posterior genital

plate and the right posterior ocular plate.

The ambulacra are short, broad, and petaloid, situated in broad but shallow

depressions of the test, which thin out gradually at the distal extremity. The odd

anterior ambulacrum is narrower than the paired petals, and is situated in a shallower

groove, the depression being scarcely perceptible at the ambitus. After the petal has

attained its normal width, at a short distance from the apical disk, the poriferous zones

run parallel, and do not diverge apart. The pores are round, equal, and the pairs .are

placed oblique, each in a very faint depression. There are 14 or 15 pairs in each zone,

extending to the ambitus, and the outermost three or four pairs are very widely spaced,

and much smaller than the others. The interporiferous area is nearly twice the width

of the same region in the paired petals, and its surface is covered with small, uniform,

miliary granules.

The lateral or paired petals are subequal, the anterior pair being a shade longer

than the posterior pair. The petals proceed direct from the apex outwards, and have

no flexure ; the anterior pair are widely divergent, the enclosed angle being about 140°.

The poriferous zones increase in breadth gradually as they proceed from the apical

extremity until past the middle of the petal, and then contract again slightly towards

the distal extremity, which is rather remote from the margin. The interporiferous area

is straight and nearly uniformly broad, excepting the normal constriction at the apical

extremity ; also a slight contraction at the distal extremity, which is remarkable. The
surface of the area is smooth and devoid of granules. The poriferous zone is wider at

its broadest part than the interporiferous area. The pores are wide apart, elongately

pyriform, both inner and outer, the latter being slightly larger ; and they are united by

a shallow furrow, are slightly obliqu^ in position, and are separated from adjacent pairs

by narrow costse, which are ornamented with a single line of six or seven small, uniform,

miliary granules. The granules are best defined on the outer portion of the costal

ridge, and tend to disappear before reaching the interporiferous area. Consequent on

the gradual increase in the breadth of the poriferous zones in proceeding outwards, and
the succeeding diminution towards the distal extremity, the outline of the ambulacra is

markedly petaloid. Beyond the petaloid portion of the ambulacra there are about three
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pairs of small pores in continuation of each zone, widely spaced, the pores small, round
and close together. The succeeding pores are simply microscopic. The extrapetalous

portions of the poriferous zones diverge outwards towards the ambitus, and again con-

verge as they approach the peristome.

The postero-lateral ambulacra are similar in every respect to the anterior pair

above described, and, like them, proceed direct from the apex outwards. The curve of

the anterior zone is perhaps slightly fuller near the apex than that of the companion
posterior zone, but the difference is so slight that it is only perceptible in some speci-

mens. The posterior petals enclose an angle of about 62°. The distal extremity of the

petal is more remote from the margin than that of the anterior pair ; and the extra-

petalous portion of the ambulacra is of similar character to those above described.

Three pairs of pores are well developed within the subanal fasciolar area. There are

2-3 to 26 pairs of pores in the poriferous zone of the antero-lateral petals, and usually

one to three pairs less in the postero-lateral ambulacra.

The anterior interradia have a slightly tumid appearance, which is especially

emphasized on the abactinal surface, the breadth and shallowness of the depressions in

which the petals are placed causing the interradia to seem more prominent than they

really are. In the lateral interradia the subcarinate character is less prominent, but is

most highly developed in the odd posterior interradium, the narrow space between the

postero-lateral petals forming a broad, low, well-rounded keel ; and there is a slight

tumidity in continuation of this along the median line of the area extending up to the

periproct. The ornamentation consists of very small primary tubercles, punctured and

crenulated, situated in a small scrobicule, and widely spaced, the intermediate space

being filled with small, low, uniform, well-spaced miliary granules. On the abactinal

area the ornamentation is so small that it is only seen under magnification. In the

neighbourhood of the mouth it becomes larger, however ; and on the plastron the

tubercles are large and uniform, standing on large, prominent scrobicules, which are

closely placed, and in parts imbricate or impinge on the neighbouring scrobicules.

The peristome is very excentric in front, is rather small and transversely oval in

outline, and is surrounded by a slightly raised margin. The posterior lip is insignificant,

very faintly, produced, and is not prominent ; but there is a rather prominent tumidity

behind the lip, and a little remote from its margin, which merges gradually into the

median tumidity of the plastron. The ambulacral regions in the neighbourhood of the

peristome are slightly depressed.

The periproct is about equal in size to the mouth, is transversely oval, and situated

at the extreme top of the posterior truncation. The general character of this area is

on the whole tumid; but in the inferior part there may be a very faint tendency

towards a median depression. .

A broad, well-developed, subanal fasciole encircles the angle of the posterior

margin, part being above and part below the rounded angle formed at the junction of

the vertical posterior end and the actinal surface. The space enclosed is large and sub-

reniform in outline, and the upper part of the fasciole dips down with a rather deep

reentering curve, pointing downwards, in the median line. Three pairs of pores

2c2
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belonging to the posterior zone of the posterior petals are included within the fasciole,

and mark its lateral boundaries.

The presence of a peripetalous fasciole is very doubtful. In none of the specimens

is the delicate ornamentation of the test within the region of the petals sufficiently well

preserved to enable this point to be settled. In one of the specimens which has some

portions fairly well preserved an arrangement of granulation may be observed at the

extremity of the antero-lateral petal, and extending for a short distance close along the

posterior margin of the groove, which is rather suggestive of a fasciole. There is also a

slight tumidity on one of the plates about midway on the anterior margin of the posterior

petal, which might possibly indicate the line of direction taken by the supposed fasciole

in crossing the postero-lateral interradium; but no actual band is discernible. The

strip of granulation above referred to is, however, somewhat ill-defined, and wanting in

compactness—a fact which, together with the inability of finding any trace of the fasciole-

structure elsewhere, leads us to entertain very gl-eat doubts as to the presence of a

second fasciole in the Spatangoid under notice.

Bemarks. This very interesting form is readily distinguishable either from its con-

geners or any species with which we are acquainted. At first sight it strongly suggests

the outline of Towaster, but the structure is altogether different. The very doubtful

presence of a peripetalous fasciole, which has been remarked upon above, is the only

point upon which we hesitate in referring this Spatangoid to the genus Micraster. Until

more perfectly preserved specimens are received, we do not feel justified in taking any

other course.

Dimensions.
millim.

Length of the test 36

Breadth of the test 34-5

Height of the test 27-5

Length of the antero-lateral petals 12-5

Length of the postero-lateral petals . . . . 11

Breadth of the paired petals 4-3

Breadth of the odd anterior petal 2-75

Transverse diameter of the peristome .... 4-5

Longitudinal diameter of the peristome . . . 2"25

Locality. In the Khirthar series of strata: Baili, west of Tong. Survey-

number -gg^.

Illustrations of the Species in Plate XXXVII.

Fig. 1. Abactinal view of the test: natural size.

2. Actinal view of the test : natural size.

3. Longitudinal profile of the test : natural size.

4. Odd anterior ambulacrum : magnified.

5. Portion of one of the petaloid ambulacra: magnified.

6. Apical disk : magnified.
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Genus HEMIASTEE, Desor, 1847.

(See anted,, p. 78, Part ii.)

1. Hemiastee apicalis, Duncan & 8laden. Plate XXXIV, Figs. 1-7.

Test of large size, marginal contour irregularly suboval, widely expanded laterally,

the greatest breadth lying across the posterior third. In front of this prominent lateral

protuberance the test contracts rather rapidly, passing sharply round the subcarinate

tumidity of the anterior interradial areas, and indented in front by a distinct but not

yery deep anteal sulcus. Behind the line of greatest breadth the outline of the test

contracts rapidly, giving a somewhat pointed appearance posteriorly. The length of

the test is slightly greater than the breadth, the proportions being as 1 : 0'923. The

greatest height of the test lies a little behind the centre, and is proportional to the

length as 0-56 : 1.

The apical disk, which is small, is excentric in front, the anterior portion of the

median line being little more than one half of the posterior part. Seen in longitudinal

profile, the anterior slope shows only a slight convexity, the anterior extremity being

thick and tumid. The posterior slope of the test, after a short convexity along the

saddle-backed keel of the posterior interradium, descends with an almost precipitous

slope, the posterior margin being much less rounded than the anterior. Seen in trans-

verse profile, the test, when viewed in front, has a high and somewhat conical appear-

ance, the carinate portions of the paired interradia being distinctly visible. Owing to

the anterior declivity of the test, the postero-lateral keels and the posterior wall of the

antero-lateral petals are seen above the antero-lateral keels, and the prominent, well-

rounded keel of the odd posterior interradium attains midway a still greater elevation.

When seen from behind, the lateral portions of the dorsal profile have a fuller and more

tumid appearance than when seen from the front, and the general contour of the pro-

file is more convex, the median posterior keel being high and prominent. The position

of the periproct is high, and appears to have been situated at the commencement

of the inferior third of the height ; but accurate observation on this point is impos-

sible in the specimen under description, in consequence of fracture and imperfect

preservation.

The apical disk is excentric in front and comparatively small. There are four

generative pores, the posterior pair being very wide apart ; and the posterior ocular

plates are widely separated and pushed asunder, as it were, by a remarkably broad

expansion of the central madreporiform body.

The odd anterior ambulacrum is in a well-defined, rather deep groove, which

expands and becomes shallower as it approaches the margin, where it forms, however, a

conspicuous indentation in the anterior contour. It is continued, although greatly

diminished in depth, over the margin, and dies out just before reaching the peristome.

The pairs of pores, which are situated in small oval cavities, are placed obliquely, and

the pores of a pair are separated by a small tubercle. Near the apical extremity of the

ambulacrum the pores are very small and closely placed, but as they proceed outward
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the size of the pores and the distance between adjacent pairs is greatly increased. Near

to the fasciole the pores again become smaller, and outside its boundary are simply

microscopic. The floor of the groove is covered with small low granules of two sizes,

irregularly interspersed and rather widely spaced.

The antero-lateral petals are large, long, and in deep grooves. They have a very

straight appearance, the breadth being comparatively uniform, and the expansion towards

the outer extremity only slight. The groove does not terminate abruptly at this point,

but contracts gradually, which gives to its outer end rather a pointed character. The

divergence of the antero-lateral petals is great, the angle enclosed being about 120°.

The poriferous zones are wide, the pores large and elongately pyriform, with the

pores of a pair united by a shallow furrow, the intervening ridge being broad, and orna-

mented along its median line by a single row of small miliary granules. There are

about 33 pairs of pores in each zone. The interporiferous area is very uniform in

breadth, excepting at the apical extremity, where it narrows rapidly ; its normal breadth

is about equal to that of the poriferous zone at its widest part. The apical portion of

the posterior zone is more precipitous than any other part, and the anterior zone is, on

the whole, rather more precipitous than the companion zone, although both zones

occupy entirely the lateral walls of the groove. The only ornamentation on the inter-

poriferous area consists of a few very minute, very widely and irregularly placed

miliary granules. The antero-lateral petals measure 25 miUim. from the centre of

the apical disk to their extremity, and are 6 millim. wide at their broadest part.

The postero-lateral ambulacra are four fifths of the length of the anterior petals,

measuring 20 millim. long and 4-5 millim. broad. They are in deep grooves, similar to

those of the anterior pair, and they do not expand greatly in width. The petals curve

rather sharply inward at the apicat extremity, and the posterior zone is more curved

than the anterior zone, its contour being sigmoidal, in consequence of a rather rapid

bend outward at the outer extremity, whilst the outline of the anterior zone is a simple

curve. There are about 29 pairs of pores in each zone, and their character is similar to

that of the anterior petals above described. The posterior are much less divergent than

the anterior pair of petals, the angle they enclose being about 60°.

The anterior interradia have the appearance of forming a high tabular keel, in con-

sequence of the deep ambulacral grooves and the gently rounded slope of the interradia

to their margins. At the apical extremity this apparent carination is bevelled off to the

level of the apical disk. Each of the plates of the interradial areas is slightly tumid,

which imparts a rather knobby character to the test, the feature being most marked in

the plates just above the ambitus. The lateral interradia are higher and rather more

carinate in appearance at the apical extremity, although they are bevelled off in the

neighbourhood of the disk in the same manner as the anterior areas. The odd posterior

interradium is narrow, high, and prominently convex, forming a regularly rounded

saddle-back, whether viewed transversely or longitudinally, the apical portion sloping

down gently to the level of the apical disk. The posterior character of the odd inter-

radium immediately above the periproct is much damaged. The margins of the test

are tumid and well rounded on to the actinal surface, excepting perhaps posteriorly,
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where there is a tendency towards rostration. The plastron and the neighbouring por-

tions of the test are destroyed.

The peristome is large, very excentric anteriorly, and measures 9-5 millim. in

breadth (transverse diameter). It is well rounded at the sides, and there is no rim on

the anterior margin. The posterior margin or lip is destroyed.

One fascicle only, which is peripetalous and well developed. It is broadest at the

extremity of the antero-lateral petals, touching the groove at this point. It curves

round and passes inward somewhat obliquely, and, diminishing gradually in thickness,

is then continued for a very short distance parallel with the petal, and more than half

the breadth of the groove remote from its margin ; before it has reached midway along

the petal it bends abruptly backwards, passing in an oblique line inwards towards the

outer third of the postero-lateral petal. On attaining the commencement of the down-

ward slope of the area along the margin of the petal the fasciole is again bent, and, fol-

lowing the outline of the petal, passes close to its posterior extremity, and thence mounts

immediately the high posterior keel. In front the fasciole passes from the extremity of

the antero-lateral petal in a straight line, directed forwards and inwards, to the summit

of the adjacent tumid interradial plate, diminishing in width in its course. From this

knob it passes in a straight line, still forwards and inwards, to the knob of the corre-

spondent plate on the companion column, increasing temporarily in breadth midway.

From the anterior knob the fasciole passes a little forwards, and crosses the anterior

sulcus with a forward-bending curve at a very little distance from the ambitus.

The ornamentation of the test is remarkably handsome. It is smaller towards the

posterior portion of the test and within the fasciole, and increases in size at the margins

and on the actinal surface. It is also rather larger along the margins of the ambulacral

grooves than on the other portions of the interradia circumscribed by the fasciole. Just

above the ambitus in the anterior interradia, where the ornamentation is well developed,

it consists of large primary tubercles, with a small perforate mamelon on a low and

coarsely crenulated boss, standing on a large, circular, scale-like scrobicule, the aboral

half of which is prominent, whilst the adoral merges imperceptibly into the substance

of the test. A single row of small, well-spaced, and equal-sized miliaries surrounds the

scrobicule; and additional ones may be present on the actinal surface, where the

tubercles and their scrobicules are larger and more widely spaced.

Bemarks. This species has much resemblance in form to some of the species of the

genus Linthia ; but it is clearly a Hemiaster, in possessing only a peripetalous fasciole,

portions of the test which would be traversed by the latero-subanal fasciole, if present,

being well preserved.

Dimensions. Length of the test 65 millim., breadth 60 millim., height 37 millim.

(or probably somewhat greater).

Locality. In the Khirthar series of strata : Gorge of the Baran river, north-east of

Bula Khan's Thana. Survey-number ^?|?.



196 JHE FOSSIL ECHINOIDEA

Illustrations of the Species in Plate XXXIV.

Fig. 1. Abactinal view of the test: natural siz6.

2. Longitudinal profile of the test : natural size.

3. Transverse profile, seen from the front : natural size.

4. Apical disk : magnified.

5. Portion of the odd anterior ambulacrum : magnified.

6. Portion of one of the antero-lateral petals : magnified.

7. Ornamentation of the test near the ambitus in one of the anterior inter-

radia: magnified,

2. Hemiastee nobilis, BvMcan & Sladen. Plate XXXIV, Figs. 8-11.

Test of large size ; marginal contour ovally subcordiform, somewhat flattened in

front, and very faintly incurved in the region of the odd anterior ambulacrum. The line

of greatest breadth lies across the centre of the test, and is proportional to the length as

0*93 : 1. Behitid this line the contour contracts gradually, its outline forming a sub-

parabolic curve.

The apical disk is excentric posteriorly, and the greatest height of the test lies a

short distance behind this. The condition of the specimen unfortunately does not admit

of these proportions being determined accurately, but, as far as judgment can be drawn

from the example in its present state, the height appears to have been about three fifths

of the length. Seen in longitudinal profile, the keel of the odd posterior interradium

does not stand at a higher level than the keels of the lateral interradia, and the posterior

slope of the test at a short distance from the apical disk slopes down rather abruptly,

with a steep incline to the posterior margin. The anterior slope is much more

gradual, and, after a slight curve near the apex, is straight until it reaches the very

thick and tumid anterior margin, on which some gibbous protuberances are noticeable.

The posterior margin was probably thick, but much less than the anterior margin, and

was probably rounded. Seen in transverse profile, the lateral slopes of the dorsal

surface are much less inclined than in H. apicalis, and the lateral margins are also very

much thicker.

The odd anterior ambulacrum is in a very wide groove, rather deep in the middle

portion of its course, but becoming shallower as it approaches the margin, whilst at the

ambitus its presence is indicated only by the faintest incurving of the outline, and is

continued in a similar indefinite manner towards the peristome. The pairs of pores,

which are situated in small and rather deep oval cavities, are placed obliquely, and the

pores of a pair are separated by a rather elongate and pointed granule or tubercle. Near

the apex the pairs of pores are very closely placed, but become more widely spaced as

they proceed outward, and become single (or apparently so), very widely spaced, and

almost microscopic in size beyond the fasciole. The floor of the groove is covered with

a minute but rather well-spaced granulation.

The antero-lateral petals are large, long, and in wide deep grooves, of almost uni-

form breadth, except near the apex, and with their outer extremity well rounded.
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Close to the apex the petals are narrow, and appear to proceed originally almost at

right angles to the longitudinal axis of the test. They speedily take a rapid curve for-

ward, and their course is then almost straight towards the margin, the apparent

distance at which they terminate therefrom being comparatively small. The angle

enclosed by the anterior pair of petals is about 94°. The poriferous zones are very wide

in the median part of the petal, but very narrow and small near the apex, where they

occupy the vertical half of the groove, and they also diminish in size towards the outer

extremity of the zone. The inner pores are oval, and the outer larger and pyriform,

the pairs being- united by a broad furrow, and adjacent pairs separated by well-defined

and keel-like costse, on which are one or two somewhat irregular series of small

granules. The interporiferous area is nearly uniform in breadth, except at the apex,

and is narrower than the poriferous zone at its widest part. The ornamentation con-

sists of very minute, uniform, and widely-spaced granules. The antero-lateral petals

measure 28 millim. from the apical disk to their extremity (without calculating for the

curve at the apex), and are 6-5 millim. wide at their broadest part.

The postero-lateral ambulacra are three fourths of the length of the anterior petals,

measuring 21 millim. long and 5*5 millim. broad. They are in deep grooves, similar to

those of the anterior petals, and have a very uniformly broad character, the contraction

at the apex being comparatively slight and rapid, and the outer extremity being well

rounded. Their course from the apex towards the margin is almost straight, and the

angle they enclose is about 62°. The keel of the anterior interradia is not remarkably

high, but is emphasized by the depth of the grooves of the antero-lateral petal and the

anterior odd ambulacrum. These interradia are very thick and tumid at the margin,

and individual plates are more or less tumidly protuberant. The lateral interradia are

not higher than the anterior interradia, and have the appearance of being less carinate,

although there is a rather prominent protuberance a short distance from the apex, where

the general surface of the interradium is flattened and slightly concavely depressed. The

odd posterior interradium is narrow and prominently carinate locally. It is flattened

close to the apex, then occurs the protuberance, and the general area is again flattened

as its breadth expands outwards. Behind the protuberance the test slopes downward

with a steep incline to the posterior margin.

The periproct appears to have been situated on the upper part of the rounding of

the posterior margin, but only a trace of its existence can be made out, in consequence

of damage to the whole of the actinal portion of the test.

One fasciole only, which is peripetalous and embraces a large portion of the

surface. Passing near to the extremity of the antero-lateral petals, it sweeps with

a well-rounded curve which runs parallel to the inner margin of the groove, and

extends nearly midway between the extremity and the apex before it is curved back-

ward, to cross the lateral interradial area. Its course towards the posterior petals is

diagonal, and still directed somewhat inward. At a considerable distance from the

margin of the groove of the posterior petal it is deflected outward, and commences the

well-rounded sweep which passes near to the outer extremity of the posterior petal, and

is then directed inward and upward to cross the odd posterior interradium to join with

2d
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the corresponding part of the fasciolar band from the other side. In front the fascicle

is well rounded at the extremity of the antero-lateral petals, and is directed inwards,

crossing the keel of the anterior interradia with a slightly incurved course, and when

near to the wide groove of the odd anterior ambulacrum it curves rather sharply forwards,

and is then bent rather abruptly at right angles to descend the groove, which it crosses

at the upper portion, or commencement, of the marginal tumidity ; the fasciole conse-

quently appears well remote from the ambitus, and is especially so in the median region

of the anterior interradia.

The ornamentation on the abactinal surface of the test is generally small, but

becomes larger in the lateral regions and in front, whilst at the ambitus in front and on

the actinal surface there it is remarkably large and well defined. The primary tubercles

at this place have a small perforate mamelon on a comparatively large, tumid, and

button-shaped crenulate boss, standing on a circular disk-like scrobicule. The scrobi-

cules are separated by a single ring of minute miliary granules, which is often incom-

plete. In the plates having tumid prominences the ornamentation is usually smaller

and more crowded in the centre of the raised portion, the size increasing gradually out-

ward therefrom.

Bemarks. This large and handsome form is a worthy congener of the species above

described. It is readily distinguished from H. ajpicalis by the different form of the test,

by the comparatively low and sloping posterior region, by the size, shape, and divergence

of the ambulacral petals, by the different course of the fasciole, which is also more

remote from the margin, and by the larger and more widely-spaced tuberculation on the

anterior part of the test.

Dimensions. Length of the test 62 millim., breadth 68 millim., height 37 millim.,

approximately (probably somewhat higher).

Locality. In the Khirthar series of strata. Hilly ground, south-east of Trak Hill.

Survey-number ^~.

Illustrations of the Species in Plate XXXIV.

Fig. 8. Abactinal view of the test: natural size.

9. Longitudinal profile of the test : natural size.

10. Portion of the odd anterior ambulacrum : magnified.

11. Portion of one of the antero-lateral petals : magnified.

3. Hbmiastee CAEmATus, Duncan & Sladen. Plate XXXIV, Figs. 12-14.

There is a fragment of a Hemiaster in the collection which is sufficiently preserved

to show characters of a very remarkable nature, and on this account we have ventured

to name it, although the condition of the fossil unfortunately does not admit of a

complete diagnosis of the species being given.

The test was of medium size, probably subrotund and very broad. Apical disk

subcentral, with the test apparently sloping nearly uniformly therefrom on all sides.

The odd anterior ambulacrum is situated in a wide deep groove. The antero-lateral
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petals in wide and somewhat deeper grooves, whose size and character is emphasized by

the remarkable carination of the anterior interradia,—a sharply prominent median keel

being developed, from which the test slopes steeply down to the groove on either side

;

whilst the individual plates of the interradium are also subtubercularly prominent

along this line and add considerably to the remarkable facies of the test. The lateral

interradia show the same feature of carination along their median line, but to a less

degree. The odd posterior interradium is decidedly convex and carinate, and its slopes

form a convex curve. The carinations of the interradia die out as they approach the

apex, and the apical disk is consequently only very slightly depressed below the general

level.

The course of the antero-lateral petals is almost straight from the apex towards

the margin, and the outer extremity of the groove is very shallow and apparently lQ-

defined. The divergence of this pair of petals is very wide, the angle subtended being

about H6°-120°. The postero-lateral petals are comparatively long, measuring alpout

14 millim., whilst the anterior pair are about 17 millim. in length ; the general

characters in both being similar.

In the odd anterior ambulacrum the obliquely placed pairs of pores are rather

vdde apart, the inner pore being somewhat comma-shaped, the outer one larger, and

separated from its companion by a large and partly overhanging lip-like tubercle or

granule ; the whole floor of the groove is covered with small crowded granules. In the

antero-lateral petals both the inner and the outer pores are long and slit-like and rather

wide apart ; the pairs are separated by a very broad space or band, which does not

develop a ridge-like keel, but bears usually two rows of small uniform granules, the suture

of the plates being visible between the two series, and there is a faint trace of a feebly

raised rim encircling the pore-slit. Near to the apex the inner series of pores are

almost aborted.

The structure of the apical disk is interesting. The anterior pair and the posterior

pair of generative pores are equidistantly placed, and the posterior pair of ocular pores

are placed directly beneath the latter, being also at an equal distance apart, and they are

separated by an extension of the median madreporiform body ; there is thus a regular

line of three pores on either side of the median line. The anterior pair of ocular pores

are placed external to the anterior generative pores, with which they form a transverse

line of four pores. The odd anterior ocular pore is slightly in front of the anterior

generative pores.

Traces of a single narrow peripetalous fasciole are present. There was no lateral

fasciole.

The ornamentation of the test is comparatively large, isolated, and remarkably

well defined.

Dimensions. We are unfortunately unable to give the usual measurements of the

test. The following dimensions may serve as a guide. From the centre of the apical

disk to the margin, along the median line of the anterior interradium, about 25 millim.

;

from the centre of the apical disk to the margin, along the median line of the postero-

lateral interradium, about 30 millim.

2d2
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Locality. In the Khirthar series of strata. On the road about four miles west of

Kotri. Survey-number -^^.

Elustrations of the Species in Plate XXXIV.

< Fig. 12. Abactinal view of the test : natural size.

13. Portion of the odd anterior ambulacrum : magnified.

14. Portion of one of the antero-lateral petals : magnified.

4. Hbmiastbk digomjs, d'ArcUac, sp. Plate XXXV, Figs. 4-9.

This small and well-characterized form is very numerous in the white chalky saline

limestone, on the Baran river, near Kotri. Although the collection contains a great

number of specimens the largest does not exceed 22 millim. in length ; and owing

either to considerable decay prior to fossilization, or more probably to some chemical

action induced by the nature of the deposit, comparatively little structure is preserved,

notwithstanding that the specimens at first sight appear to come well from the matrix

and would be taken for well-preserved examples.

We are fortunately able to add to the description given by MM. d'Archiac and

Haime (op. cit. p. 220) a notice of the peripetalous fasciole, which we have succeeded

in tracing in several examples completely, and more or less so in the majority of

specimens before us. It is, however, very indistinct and difficult to make out. Its

course is very rotund, devoid of any reentering sinuosities, and it passes at a low

level anteriorly across the anterior sulcus. Its relation to the petaloid ambulacra is

shown in fig. 7.

In general form this species presents considerable resemblance to that of Schi-

zaster thebensis, de Loriol ; the resemblance, however, being only so far as the character

of the outline is concerned.

In examining a large series of specimens, it seems to us that the form of the

test is generally more inflated at the sides and higher in the odd posterior inter-

radium than in the figures given of this species in the ' Animaux fossiles.' There is,

however, a considerable amount of variation in this. Considerable variation also exists

in the degree of the posterior excentricity of the apical disk and likewise in the

width of the anterior groove. We have drawn in fig. 8 an example in which the

groove of the odd anterior ambulacrum is remarkably wide and trough-like, the inner

portion of the anterior interradia being reduced to high angular keels. Fig. 9 shows

a small example in which the apical disk is pushed backward to an extreme degree,

the small posterior petals appearing, when seen from above, to be situated on the

sloping curve of the posterior extremity.

Localities. In the Khirthar series :

—

i. Bolari Bridge, on the Baran rivers, south-west of Kotri. Survey-number 2_?§2_

ii. Three or four miles south-south-east of Meting. Survey-number ^^. (A single

badly preserved specimen.)
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iii. Twelve miles east of Kandaira. Survey-number -^. (Two specimens so'

much crushed and obscured as to be almost unrecognizable. Possibly they may

represent a variety.)

Illustrations of the Species in Plate XXXV.

Fig. 4. Abactinal view of the test : natural size.

5. Actinal view of the test: natural size.

6. Longitudinal profile of the test: natural size.

7. A portion of the abactinal surface, to show the apical disk, the ambulacral

petals, and the fasciole : magnified.

8. Abactinal view of a test with very broad anterior groove : natural size.

9. Abactinal view of a test with apical disk very excentric posteriorly : natural

size.

5. Hemiastbe, sp Plate XXXV, Figs. 25 & 26.

There is in the collection a single specimen of a small subglobular test which

we refer to Hemiaster ; but the fossil is so badly preserved and obscured with matrix

that even the generic determination is doubtful. It is certainly distinct from any of

the other Indian species, and on this account we have included this very unsatisfactory

specimen on Plate XXXV. The marginal contour is suboval or subglobular, with the

anterior margin moderately indented by the anteal sulcus, and the lateral portions of

the test very tumid ; the posterior extremity is roundly truncate, and when seen in

longitudinal profile is high and almost vertical, the periproct being situated near the

summit of the extremity. The lateral portions of the test are high and tumid,

both laterally and dorsally. The odd posterior interradium is likewise tumid in the

latter region. Traces of a peripetalous fasciole are discernible, but the test is too

much destroyed by weather-action for any statement respecting the presence or absence

of other fascioles to be made. No other details of structure or form can be observed.

Dimensions. Length of the test 24 millim., breadth 22*5 millim., height 17

millim.

Locality. In the Khirthar series. Twenty-four miles west of Kotri (entering the

Hills on the road to Bula Khan's Thana). Survey-number -^g--

Illustrations of the Species in Plate XXXV.

Fig. 25. Abactinal view of the test : natural size.

26. Actinal view of the test : natural size.

6. Hemiastbe, sp.

There is another test of a small Echinoid in a very bad state of preservation which

we refer to this genus. The marginal contour has some resemblance to that of the

preceding "specimen, but the form is abactinally much more depressed. In general
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outline it resembles to a certain extent H. digonus, but is devoid of the deep anteal

sulcus of that species, and is much more tumid on the lateral portions of the dorsal

surface. Faint indications of a peripetalous fasciole may be seen ; and there are no

traces of any lateral fasciole present. The condition of the specimen is such that a

description is impossible ; and it is quite unfitted for illustration.

Length of the test 21-5 millim., breadth 21 millim., height about 14-5 miUim.

Locality. In the Khirthar series. Karra range, south of Trak. Survey-number
G 302

125
•

7. Hemiaster, sp.

There is a greatly broken fragment from the white chalky limestone of the Baran

river of a fine and handsome species of Hemiaster. Unfortunately only a portion of

the test remains, and the greater part even of this is either broken or obscured by

matrix. We have succeeded in exposing a part of the anterior region, vphich shows the

outer part of the odd anterior and right anterior lateral petals. This and a portion of the

lateral region of the test are all that are available for observation, and the condition is

such that no intelligible drawing can be given. Judging from what can be seen of the

marginal contour, of the characters of the anterior interradia, and of the course of the

peripetalous fasciole, the fragment presents the closest afiinity to Hemiaster apicalis,

described on a preceding page. The anterior pair of petals, however, have the extre-

mity of the groove more fully rounded, the margins appear to be straighter and more

parallel, and their angle of divergence is smaller than in that species, the character of

the petals as a whole being much nearer to H. nohilis. Notwithstanding this we are

very strongly inclined to regard the form in question as a young or medium-sized

example of H. apicalis ; but as doubt obviously exists from the very unsatisfactory and

indeterminable nature of the fragment, and as any observation upon the character of

the apical region of the test and of the odd posterior interradium is impossible, we
refrain from ranking it definitely with that species, until a further supply of material is

available for study.

The test, of which the present fossil is a fragment, was originally about 49 mUlim.

in length.

Locality. In the Khirthar series of strata, Bolari Bridge, on the Baran rivers,

Gr 280
south-west of Kotri. Survey-number -gg-.

Genus BEISSOPSIS, Agassiz, 1847.

Test oval or oblong, subcordiform, having the anterior margin indented by the

anteal sulcus, more or less inflated at the margins and on the abactinal surface ; actinal

area frequently more or less convex.

Apical disk compact, subcentral or excentric in front.

Paired ambulacra petaloid, subequal, in shallow furrows, more or less curved.

The anterior pair widely divergent, the posterior pair more closely approximated. The
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two lateral petals on either side of the test usually forming two more or less definite

arcs which touch at their convexity at the apical disk. Poriferous zones equal, very

wide ; pores equal or subequal. The anterior zone of the anterior petals and posterior

zone of the posterior petals having some pores atrophied at the apical extremity. The
odd anterior ambulacrum is placed in a shallow sulcus ; its poriferous zones are composed

of simple minute pairs of pores, widely spaced.

Peristome bilabiate, excentric in front.

Periproct oval, on the posterior extremity.

Two fascioles : a peripetalous one, more or less sinuous, which surrounds the petals

and approaches the anterior margin ; a subanal fasciole, which is complete.

Tubercles perforate and crenulate, small on the upper surface ; larger and more

widely spaced below the ambitus, especially in the anterior region and on the actinal

surface.

1. Beissopsis sufflatus, Dimcan & Sladen. Plate XXXV, Figs. 17-24.

Test of medium size. Marginal contour elongate, elliptical, greatest breadth across

the middle, converging equally anteriorly and posteriorly, narrow in front, with the anterior

margin widely and rather deeply indented by the anterior groove, truncate posteriorly.

The greatest breadth is rather less than three fourths of the length, or in the proportion

of 0"73 : 1. The dorsal surface is subdepressed, very tumid in the interradia, and the

margins are thick and tumid. When seen in longitudinal profile the dorsal surface

has a remarkable appearance, presenting three convex undulations, which represent the

outline of the interradia—the median undulation formed by the lateral interradia being

rather higher than the anterior undulation, and the posterior undulation being a little

higher than the lateral (median) undulation. The greatest height of the test conse-

quently lies near the posterior extremity of the test, and when measured from the

culminating point of the actinal plastron to the highest part of the odd posterior

interradial convexity, is less than half the length, or in the proportion of 0"45 : 1.

The actinal surface is rather flatly convex, being well rounded to the margin, and is

characterized by the presence of a sharp angular keel or ridge, which extends along

the median longitudinal line of the test from the peristome to the culminating point

of the plastron, the height increasing as it approaches this point; the test then

sharply diminishes with a precipitous slope, which terminates "abruptly at the posterior

truncation.

Apical disk excentric in front. The posterior pair of generative pores rather

wider apart than the anterior pair ; and the posterior pair of ocular plates separated by

the prolongation of the central madreporiform body. The groove of the odd anterior

ambulacrum is wide but very shallow, and appears to mount the convexity of the test

which intervenes between the apical disk and the anterior margin ; it is deepest just

above the ambitus, where the indentation of the anterior margin is well defined, but its

continuation on the actinal surface towards the peristome becomes very faiat. The

poriferous zones are straight and rather near together, the pores being very minute and
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sunken in small cavities, which simulate a uniserial line of single pores, placed wide

apart.

The antero-lateral petals are situated in wide and rather deep cavities ; they are

widely divergent, subtending an angle of about 120°, and have a slightly arched

appearance, in consequence of the curvature of the anterior zone, which is bent con-

vexly forwards, whilst the posterior zone is comparatively straight. The posterior petals

are rather longer than the anterior pair, they are slightly curved, with concavity

forwards and outwards, and the inner margins of the two petals are very near together

for quite half their length. The odd posterior interradial space is a narrow wedge-

shaped strip, which presents scarcely any tumidity on the inner part of the area ; the

character developing gradually, however, and culminating in the region external to the

petals. The cavities in which the posterior petals are lodged are scarcely so deep as

those of the anterior petals ; and the curvature of the respective petals gives a decided

suggestion of a semicircular arch formed by the union of the anterior and posterior

lateral petals.

The poriferous zones of the petatoid ambulacra have their pores large, oval or

comma-shaped, with the pores of a pair rather wide apart and united by an indistinct

groove; a rather broad strip occurs between neighbouring pairs, but no keel is formed,

though its position is occupied by a single row of small uniform granules borne on the

aboral margin of the ambulacral plate. The interporiferous area is extremely narrow,

its width being less than the distance which separates the pores of a pair. The four or

five pairs of pores near the apical extremity of the anterior zone of the antero-lateral

petals, and the seven or eight similar pairs of the posterior zone of the postero-lateral

petals are much aborted and reduced in size.

The posterior ambulacral areas on the actinal surface are very wide and naked, and

they bound the prominently keeled actinal plastron.

The peristome is large and excentric in front, its position being about equidistant

from the anterior and lateral margins of the test. The anterior margin of the aperture

is semicircular, and the posterior lip is prominent and more or less keeled.

The periproct is very large, subcircular in form, and situated at the summit of the

posterior truncated extremity. The inferior portion of this extremity is slightly

depressed beneath the periproct, forming a faint concavity which gives emphasis to

the rather abrupt separation from the subanal plastron, the plane of which stands at an

angle between the anal plastron on the one hand and the posterior extremity on the

other. The ornamentation of the concavity beneath the periproct is devoid of any

large tubercles. The ornamentation of the subanal plastron is very small on the side

adjacent to this concave area, and increases gradually in size as it recedes from it

and approaches the actinal plastron.

Two fascioles are present on the test, the peripetalous and the subanal. The

peripetalous fasciole is very sinuous and fiddle-shaped ; it crosses the anteal sulcus with

a wide sweep just above the rounding of the margin, traverses the central portion of the

anterior interradia obliquely, and on the posterior column of this area is sharply bent

inwards nearly at a right angle, but is almost immediately again abruptly deflected,
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and thence sweeps round the antero-lateral petal with a well-rounded curve ; the

course then curves with a re-entering sweep across the lateral interradia and runs

nearly parallel with the median longitudinal line of the test until it is abruptly

rounded at the extremity of the postero-lateral petal, and thence proceeds at right angles

to its previous course across the odd posterior interradium.

The subanal fasciole is large, reniform, and bounds the subanal plastron; its

incurved margin forms the line of separation between the vertical posterior extremity

and the inclined subanal plastron, whilst the adoral or convex margin separates the

subanal and the actinal plastron, the deepest part of the curve passing through the culmi-

nating point or peak of the actinal longitudinal ridge. Three or four pairs of ambu-

lacral pores are included within the fasciole on either side of the subanal plastron.

The ornamentation of the test consists of large primary tubercles having a small

perforate mamelon on a large, button-shaped, and granularly crenulated boss, placed

on a circular disk-like scrobicule ; and with a few minute and uniform granules irregu-

larly dispersed between neighbouring scrobicules. The primary tubercles are very small

on the abactinal surface generally, but are large on the actinal surface, especially on

the anterior part of the test and at the margin. In these regions it not unfrequently

happens that one edge of the scrobicular disk is raised, forpaing a small semicircular

embankment, the remaining portion of the disk being apparently aborted.

BemarJcs. The nearest ally of this species is probably Brissopsis Jimenoi, Cotteau,

from the Miocene of Cuba. The Indian species, however, is readily distinguished by

its more elongate and more depressed form, by its anteriorly excentric apical disk, by

the different form of the peripetalous fasciole, and by the prominent and peak-like

culminating point of the actinal plastron.

The form appears to be very constant, and young examples 18 millim. in length

have a,ll the characters of the adult stage. The test, however, is relatively narrower

and more elongate in small specimens, and the greatest breadth is near the anterior

extremity, and the posterior portion of the test is more contracted than in the larger

specimens. The latter embryonic character is most marked in the smallest example we

have, which measures 12 millim. in length.

Dimensions.
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Fig. 19. Longitudinal profile of the test : natural size.

20. A portion of the abactinal surface, to show the apical disk and the

ambulacral petals : magnified.

21. Abactinal view of the test of a young example : natural size.

22. Actinal view of the same test : natural size.

23. Longitudinal profile of the same : natural size.

24. A portion of the abactinal surface to show the apical disk and the

ambulacral petals of the young specimen : magnified.

Genus METALIA, Gray, 1855.

Test oval, with the margin slightly indented anteriorly by the anteal sulcus, and

more or less truncate posteriorly. Abactinal surface arched direct from the margin,

which is thin and well rounded, the actinal surface being more or less flat.

Apical disk compact, excentric in front.

Paired ambulacra petaloid, usually subequal, in very shallow grooves, which are

straight from the apex towards the margin. The anterior pair very widely divergent,

nearly horizontal, the posterior pair much less so. Poriferous zones wide, equal;

pores equal, wide apart, distinctly conjugate; the immediate apical portion of the

zones somewhat atrophied,—the anterior zones of the anterior petals and the posterior

zones of the posterior petals more than the companion zones. The odd anterior

ambulacrum in a very shallow sulcus ; its poriferous zones composed of minute pairs

of pores, obliquely placed and widely spaced.

Peristome bilabiate, excentric in front.

Periproct subrotund, on the posterior extremity.

Two fascioles—peripetaloils and subanal. The peripetalous slightly sinuous, and

extending to the anterior margin ; the interradia within its boundary often with some

large and widely spaced tubercles. The subanal fasciole is large, subreniform, and

complete.

Tubercles very small and crowded on the abactinal surface, large and well-spaced

on the actinal.

1. Metalia Soweebti, d'ArcUac, sp. Plate XXXV, Figs. 10-16.

Brissopsis Sowerbyi, d'Archiae (1850), Hist, des progres de la Oeol. t. iii. p. 251.

Brissopsis ? Sowerbyi, d'Archiae Sf Haime (1853), Descrija. An. foss. de VInde, p. 220, pi. xv, figs. 7a, b.

The following is the diagnosis of this species given by MM. d'Archiae and

Haime:

—

Body slightly elongate, expanded laterally in the median region, rather high,

especially in front ; apex situated nearly at the anterior third of the major diameter ;

four generative pores closely approximated, the posterior the largest ; the four ocular

pores very distinct; the odd anterior ambulacrum forming an expanded groove,

tolerably pronounced and bounded on each side by a rather thick subgibbous carina-

tion. The petaloid ambulacra are grooved, straight, narrow, of medium size ; the



OF WESTERN SINI). 207

lateral nearly as long as the posterior ; the pores large, rather closely placed
;
poriferous

zones costulate, a little broader in the lateral than in the posterior petals, and with

their interporiferous area narrower ; some small isolated tubercles on the margins of

the ambulacra ; the peripetalous fasciole subpentagonal, scarcely sinuous, touching the

extremity of the petals. Lateral interambulacral areas a little broader than the

anterior and the posterior, all a little prominent in the neighbourhood of the summit.

Anus marginal
; periproct rounded 1 Inferior disk almost flat, very feebly inflated in

front of the anus ; mouth situated at the anterior two fifths of the major axis ; peristome

transversely elongate and strongly labiate, surrounded with a distinct floscelle of

ambulacral pores, simple for the most part. On the abactinal surface some large

granules may be seen, and those on the actinal interambulacral areas are still larger.

The largest individual observed M'as 3^ centimetres in length, a little more than 3 centi-

metres broad, and a little less than 2 centimetres high. A flatter variety was only

1 centimetre in height and 2-g- centimetres long.

To this description we may add that a large, complete, and well-developed subanal

fasciole is present, of wide extent, and circumscribing a subreniform area on the

rounded margin, which joins the actinal surface and the posterior extremity. The

course of this fasciole beneath the periproct is deeply reentering, and the opposite part

of the fasciole where it passes the hindermost part of the actinal plastron is more or

less incurved, which causes the fasciole to approach somewhat the outline of the

figure 8- About five or six pairs of minute pores are present on either side of the

subanal plastron within the fasciole. The course of the peripetalous fasciole is not

correctly shown in d'Archiac and Haime's drawing (op. cit. plate xv, fig. 7); a

slight but abrupt bend being present both in the lateral and the anterior interradia

(although one or both of these may frequently be absent on either side), and the fasciole

does not pass forwards over the margin, as the figure would lead one to suppose. The

larger primary tubercles which are present on the interradia within the peripetalous

fasciole are not regularly disposed along the margins of the grooves of the petaloid

ambulacra as represented in the figure and the description ; they have a much more

distributed appearance, and sometimes two or three are together in irregular horizontal

series. On either side of the groove of the odd anterior ambulacrum each plate has a

wedge-shaped group of larger tubercles, the largest being nearest to the groove, and

those external to them becoming gradually smaller. On the actinal and anal plastrons

the ornamentation diminishes in size towards the slightly prominent culminating point

at the posterior extremity of the actinal plastron ; and the tubercles are arranged in

lines, more or less distinctly traceable, which radiate from this point.

There are a number of young specimens in the collection, which accord in all

particulars with the adult form ; the smallest, which measures 17 millim. in length,

is figured in Plate XXXV.
BemarJcs. The generic diagnosis given above sufliciently indicates the grounds on

which we have removed this species from the genus Brissopsis, in which it was originally

placed by dArchiac and Haime. The shape of the test, with the upper surface

arching direct from the margin (which, though rounded, is thin and not tumid), together

2e2
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with the flat actinal surface, present a facies widely different from that of £rissojpsis.

The character of the ambulacral petals is difierent ; and the form of the peripetalous

fasciole appears to be more simple. The drawings of the species given in the ' Animaux

fossiles ' are not good, and appear to have misled Desor to place the form in the

genus Prenaster, an error which has been subsequently repeated by de Loriol.

Variations. In examining a large number of specimens from difierent localities a

considerable amount of variation may be observed. This chiefly affects the form of

the test only ; and although the modified characters may possibly have, to a certain

extent, a local significance, we do not consider that they demand any further recognition

than a notice of their occurrence, as intermediate connecting-links with a central type-

form may readily be traced. The extremes of this range of variations may be said to

be :—(1) a form in which the breadth is greater and the height is less in proportion

to the length of the test than in the central type—the result being a comparatively

depressed and more rotundly oval form ; and (2) a form in which these proportions are

reversed, the breadth being less and the height being greater in relation to the length,

the general aspect of the test being consequently more elongate, with the abactinal

surface higher and more arched or subconoid in character when seen in profile. The

wider and more rotund variety is usually of larger size, and appears to be abundant at

the collecting-stations designated with the Survey-numbers
^-fg-

and -jjj^, whilst the

more elongate and higher form seems to be best represented at station -gg-.

Length of the test

Breadth of the test

Height of the test

G280
111c

millim.

. 34

. 31-5

. 19-5

, G280

miUim.

34

30-'5

,15-5

d^

Dimensions.

G280

millim.

32-5

30-O

15

G280
118

millim.

32-5

28-5

15

0-280
^- lUc'
millim.

30

26

17

/•
a280
96

millim.

24-5

22

14

G280
5'- -96-

millim.

17

14

8-75

Localities. In the Khirtbar series of strata:

—

i. Lowest scarp under Karothur hill, eight miles east-north-east of Jungshahi (at

the base of the group). Survey-number
118

G280
ii. East of Jungshahi. Survey-number jj,j, .

iii. Three or four miles south-south-east of Meting (at base of the scarp). Survey-

number
G280
111c"

iv. Five miles east-fifteen-north of Ghatana Trig Station, near Jhimpir. Survey-

number ^.106
GI-280

G(-280

v. Aongar hill scarp, east of Meting E-ailway-Stationo Survey-number -gg-.

vi. Limestone ridge, three or four miles south of Band Vero. Survey-number

vii. North by east of Meting. Survey-number
a 280
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viii. On the Eailway six miles south of Bolari. Survey-number -g^.

ix. Picked up at Aongar hill, north of Jhirak (near the base of the group).

Survey-number -^^-.

Illustrations of the Species in Plate XXXV.
Fig. 10. Abactinal view of the test : natural size.

11. Actinal view of the test : natural size.

12. Longitudinal profile of the test : natural size.

13. A portion of the abactinal surface, to show the apical disk and ambulacra

;

magnified.

14. Abactinal view of the test of a young specimen : natural size.

15. Actinal view of the same : natural size.

16. Longitudinal profile of the same : natural size.

2. Metalia soutifokmis, d'Archiac, sp. Plate XXXVI, Figs. 1-5.

Brissopsis scutiformis, d'Archiac (1850), Hist, des progres de la Oeol. t. iii. p. 251.

Brissopsis ? scutiformis, d'Archiac Sf Haime (1853), Bescrip. An. foss. de I'Jnde, p. 219, pi. xv, figs. 5a, h.

MM. d'Archiac and Haime diagnosed the single specimen of this species known

to them as follows :

—

Body depressed, scarcely longer than broad, slightly expanded laterally in the

median region, a little more elevated behind than in front, subbilobed anteriorly,

feebly truncate posteriorly ; apical disk almost central, odd anterior ambulacrum forming

a wide and tolerably well-defined groove, granulated, pores distinct ; petaloid ambu-

lacra straight, narrow, tolerably large and sulciform, the lateral petals longer and more

excavated than the posterior; poriferous zones tolerably broad, distinctly straight,

subcostulate, twice as broad as the interporiferous area ;
pores very large and closely

placed ; peripetalous fasciole scarcely sinuous, and then only a little in front, rather

irregular, touching the extremity of the petals. Lateral interambulacral areas much

broader than the anterior, and especially than the posterior. Anus marginal
;
periproct

large, rounded, a little higher than wide. Inferior disk almost fiat, infiated along the

median line in front of the anus ; mouth situate at four elevenths of the major diameter

from the anterior margin
; peristome subelliptical ; some peristomial ambulacral pores

are noticeable. The only individual known was much rubbed ; its length is a little

more than 5 centimetres ; its breadth 3 or 4 millim. less, and its height 2 centimetres.

No mention is made by d'Archiac and Haime of the large, complete, reniform

subanal fasciole, enclosing about ten pairs of pores on either side of the subanal

pastron, and with very well-defined radiating lines of tubercles in relation to the pores,

with which this species is ornamented. The outline of the peripetalous fasciole is very

incorrectly represented in the figure given in the ' Animaux fossiles ' (plate xv, fig. 5 a).

This fasciole really passes in a straight, unflexed line diagonally across the anterior

interradia, and is bent with a sharp angle at the extremity of the antero-lateral petal

;
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after passing inward for some distance it is then abruptly bent to follow a line parallel

with the margin of the petal, and this course is continued until near the inner third of

the petal, when the fasciole is bent sharply backwards to cross the lateral interradia,

passing finally round the extremity of the posterior petal and across the odd posterior

interradium.

BemarJcs. Although there are a number of examples of this species in the

collection from difi'erent localities, not a single one unfortunately is well-preserved, and

nearly all are greatly weather-worn and damaged. We are consequently unable to add

anything further to the foregoing observations. The species is readily distinguishable

from its near ally M. Sowerbyi by the different form, and in having the posterior part

of the test higher than the anterior, by the different proportions of the petaloid

ambulacra, and by the different form of the peripetalous fasciole, which is deeply

reentrant in the lateral interradia and unbent in the anterior interradia. A young

example 18 "5 millim. long exhibits all the characters of the larger specimens. It is of

interest to remark that in no case hitherto have M. Sowerbyi and M. scutiformis been

found associated at the same locality.
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Fig. 4. The apical disk : magnified.

5. A portion of the abactinal surface, to show the antero-lateral petal and

the fasciole : magnified.

3. Metalia scutipoemis (?) var. eotunda, Duncan & 8laden. Plate XXXVI, Figs. 6 & 7.

There is in the collection a single large specimen of a much-weathered test, the

outline and general facies of which are alone observable, all detail being either obscured

or destroyed. This form we place provisionally as a variety of M. scutiformis, though

it is quite possible that better material might warrant its recognition as a distinct

species.

The marginal contour of the test is more rotund and more prominently expanded

laterally than in the normal form of the type species. The length of the test was

probably very little greater than the breadth, but the exact proportions are obliterated

in consequence of some crushing at the posterior extremity having produced a distor-

tion, which extends also on the actinal surface. Seen in longitudinal profile the

characteristic prominence of the odd posterior interradium is conspicuous, and the

general outline of the abactinal surface conforms closely with that of M. scutiformis.

The anterorlateral petals are equal to or slightly longer than the posterior pair, and

the furrow of the odd anterior ambulacrum is very shallow.

Dimensions. The length of the test (crushed) is 50-5 millim., the breadth

49"5 millim., and the height 23 millim.

Locality. In the Khirthar series. Sumbak Hill, south-west of the Vero plain.

Survey-number ^^.

Illustrations of the Specimen in Plate XXXVI.

Fig. 6. Abactinal view of the test : natural size.

7. Outline of the longitudinal profile of the test : natural size.

4. Metalia depkessa, Duncan & Sladen, Plate XXXVI, Figs. 8-10.

Test of medium size. Marginal contour ovally subhexagonal, prominently ex-

panded laterally, slightly indented anteriorly by the anteal sulcus, broadly truncate

posteriorly. The greatest breadth is slightly anterior to the centre, and is about nine

tenths of the length, or in the proportion of 0'91 : 1. The dorsal surface is depressed,

its convexity being of slight elevation ; the apical summit of the test is excentric in

front, and corresponds with the apical disk, the height being rather more than two

fifths of the length. When seen in longitudinal
,

profile the slope on either side in the

neighbourhood of the apex is very slight ; a distance away anteriorly, however, a well-

developed curve passes rapidly to the margin and forms a full and well-rounded anterior

extremity. The posterior slope is very slight until close to the margin, where it is

abruptly rounded at the truncate posterior extremity. The transverse profile shows a

uniform convex curve, slightly flattened laterally. The actinal surface appears to have

been almost flat, and is well rounded at the margins.
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The apical disk is excentric in front, its distance from the anterior margin being

about three eighths of the longitudinal diameter of the test. The four generative pores

are very closely placed, the posterior pair being slightly wider apart than the anterior

pair. The five ocular pores are remarkable for their large size, being quite equal to

the generative pores. The pore corresponding to the odd anterior ambulacrum is

placed in front of the anterior pair of generative pores, forming with them a triangle.

The posterior pair of ocular pores are very wide apart, being separated by the extensive

prolongation of the central madreporiform body; and the position of each of these

pores is in a line with the two generative pores on its own side of the median line and

the odd anterior ocular pore ; there being thus two converging lines of four pores,

counting the odd anterior pore twice. The lateral pair of ocular pores are external to

the anterior pair of generative pores. .

The groove of the odd anterior ambulacrum is very shallow and feebly defined.

The poriferous zones are straight, with the pores very minute and the pairs compara-

tively closely placed.

The petaloid ambulacra are comparatively short and are sunken in deep grooves,

the margins of which are rounded or bevelled, as it were, on to the general area of the

interradia. The anterior pair are slightly longer than the posterior pair ; they proceed

in a straight line from the apex towards the margin, are very widely divergent, and

subtend an angle of about 130°. The posterior petals inclose an angle of about 52°,

are rather shorter than the anterior, and their course is straight from the apex towards

the margin. Th6 poriferous zones of the petaloid ambulacra are wide, straight, and

equal, with pores transversely oval, wide apart, and united by a well-deiined conjugating

groove, adjacent pairs and grooves being separated by narrow costse bearing a series of

small ill-defined granules. The poriferous zones diminish slightly in breadth at the

extremities, but in the case of the anterior zones of the anterior pair of petals the

decrease in size at the apical extremity is considerable and rapid, seven or eight pairs

being almost entirely aborted. Furthermore, a few pairs are aborted in all the zones

at the apical extremity, which gives a singular and disconnected appearance to the

apical disk. The interporiferous areas are narrow, and their width is less than the

distance of the pores apart.

The peristome is large and more excentric in front than the apical disk, but

unfortunately the neighbouring portions of the test are destroyed and no further obser-

vations are possible.

The periproct is large, subcircular, and placed at the extreme summit of the

posterior extremity, the diameter of the aperture being nearly equal to half the appa-

rent depth. At the sides of the aperture the test is more coarsely tuberculated than

the general surface of the interradia ; and beneath the periproct, where a slight depres-

sion occurs, there is some coarse and widely spaced tuberculation also.

Two fascioles are present—peripetalous and subanal. The peripetalous fasciole is

only slightly sinuous in the lateral interradia, where a sharp, short, double bend at

right angles takes place near the middle of the anterior column of plates of the inter-

radium. Within the boundary of the fasciole some large isolated tubercles are present
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in the interambulacral areas, the greatest number being found on either side of the odd

anterior ambulacrum, where they are also comparatively smaller and more grouped

than elsewhere. In the lateral interradia there are a considerable number on the flank

of the groove of the posterolateral petal, where several transverse lines of two, three,

or even four tubercles are placed. Similar, but less numerous, tubercles occur on the

ether flank of the posterior petals and on each of the flanks of the anterior pair. There

are also a few large tubercles outside the fasciole in the lateral interradia, appearing

like a continuation of those on the posterior flank of the antero-lateral petal. Similarly

a few smaller tubercles are found outside the fasciole on either side of the median

suture of the odd posterior interradium. The subanal fasciole is very wide and sub-

reniform ; the length of the subanal plastron, or, in other words, its measurement along

the longitudinal axis of the test, not being more than one fourth of its width or trans-

verse measurement. Six or seven pairs of ambulacral pores are included on either side

of the area, and the tubercles which ornament the plastron are large, distinct, and

more or less definite in their arrangement.

The general ornamentation of the test on the abactinal surface is small, uniform,

and crowded, becoming larger and more distinct at the margins, where it is also sub-

lineal in arrangement ; on the actinal surface it is much larger and more widely spaced,

but unfortunately very little detail remains on the latter region of the specimen under

notice.

BemarJcs. This species is so well distinguished, either from M. Sowerhyi or M. scu-

tiformis, by the general depression of the test, by the difi'erent marginal contour,

ambulacral petals, fascioles, and ornamentation, that it appears superfluous to compare

these points seriatim.

Dimensions. Length of the test 41-5 millim., breadth 38 millim., height 17-5

millim.

Locality. In the Khirthar series of strata : East of Band Vero, north-west of

Kotri. Survey-number ^||5.

Illustrations of the Species in Plate XXXVI.

Fig. 8. Abactinal view of the test : natural size.

9. Longitudinal profile of the test : natural size.

10. A portion of the abactinal surface, to show the apical disk, the

ambulacral petals, and the fasciole : magnified.

5. Metalia aqakiciformis, Bwncan 8/" Sladen. Plate XXXVI, Figs. 11-14.

The collection contains several specimens of Metalia, aril unfortunately much

weathered and broken, but which we do not hesitate to place as a distinct species,

although, unfortunately, we are only able to give a very imperfect description. The

following are the characters which are noticeable.

The marginal contour of the test is subrotund, scarcely indented in front and faintly

truncate behind. The length and the breadth are subequal. The test is subdepressed,

and the greatest height, which is slightly excentric behind, is about equal to half the

2f
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length ; the abactinal surface is convex and regularly arched from the apex to the

thin angular margins. Seen in longitudinal profile the anterior slope, which passes

through the apical disk, is rather less full and less rapid than the posterior slope, and

when seen in transverse profile the slightly prominent carination of the odd posterior

interradium is noticeable. On the actinal surface there is a very marked declivity or

inclination of the test around the peristome, especially anteriorly, which gives a remark-

able appearance to the species.

The apical disk is slightly excentric in front ; the two anterior generative pores are

rather wide apart and separated by the odd anterior ocular plate ; the posterior pair of

generative pores are rather wider apart than the anterior pair ; and the posterior pair

of ocular pores are separated by the central madreporiform body. The ocular pores are

minute and almost microscopic.

The odd anterior ambulacrum lies in a very slight depression of the test, which

can scarcely be called a groove, and the grooves of the petaloid ambulacra are almost

as shallow and ill-defined ; these latter appearing, however, to be rendered visible by

the slight tumidity, verging on carination, which occurs along the median line of the

interradia.

The anterior pair of petals are a little longer than the posterior pair, haying two

or three more pairs of pores in each zone; they are very widely divergent, sub-

tending an angle of about 160°, and the general course of the petal is almost straight

from the apex towards the margin, although a certain appearance of curvature is pro-

duced by the rapid abortion of the seven or eight terminal pairs of pores at the apical

extremity of the anterior zones. The pores in each zone are equal, transversely oval,

and wide apart ; the pores of a pair are united by a conjugating furrow, and adjacent

pairs separated by divisional costse, and the width of the interporiferous area is about

equal to the distance of the pores apart. In the posterior petals two or three pairs of

pores are aborted in each zone at the apical extremity, and the succeeding pores are

smaller, increasing in size more gradually in the posterior zone than in the anterior

zone, producing the appearance of more extended abortion ; but the character is much

less conspicuous than in the anterior zones of the anterior pair of petals. The posterior

pair of petals subtend an angle of about 40°.

The peristome is excentric in front and situated in a well-defined and rather deep

depression of the test ; the anterior lip is semicircular ; the posterior lip is unfortunately

destroyed. The five or six terminal pores of each ambulacral zone near the peristome

are large and situated in cavities, and form in each ambulacrum a pair of uniserial

lines of pores, which diverge apart as they approach the peristome.

The position and character of the periproct is undeterminable, as the upper part of

the posterior extremity is wanting.

The posterior peak of the actinal plastron is rather prominent, and the longitudinal

diameter of the subanal plastron appears to have been small, probably about one fourth

of the transverse diameter. About four pairs of ambulacral pores are present on either

side of this plastron, although no trace of the subanal fasciole, whose presence is thus

demonstrated, can be made out.
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The peripetalous fascicle is obliterated, as well as the whole of the ornamentation

of the abactinal surface.

Bemarks. This form is readily distinguished from the species previously described

by the shape of the test, both in marginal outline and in the character of the abactinal

surface, by the structure of the anterior pair of petals, by the thin angular margin, and

by the depression around the peristome. There appears to be some variation in the

position of the apical summit of the test, which in one specimen at least corresponds

with the position of the apical disk ; and there is also in the same example a slight

curvature near the apex in the anterior zone of the posterior petals, which causes them

to have a rather thicker appearance than in the test we have described above.

Dimensions. The largest specimen measures 30'5 millim. in length, 30 millim. in

breadth, and 15 millim. in height.

Localities. In the Khirthar series of strata :—i. Three or four miles south-south-

east of Meting (at base of the scarp). Survey-number ^jj^-

ii. Aongar-hill scarp, east of Meting Railway-station (base of scarp). Survey-

number ^.

Illustrations of the Species in Plate XXXVI.

Fig. 11. Abactinal view of the test: natural size.

12. Actinal view of the test : natural size.

13. Longitudinal profile of the test: natural size.

14. A portion of the abactinal surface, to show the apical disk and the

ambulacral petals : magnified.

6. Metalia, sp. Plate XXXVI, Figs. 15 & 16.

There is a single test of a Metalia in the collection, which unquestionably belongs

to an undescribed species ; but its state of preservation is so bad that a proper diagnosis

is impossible, and we have consequently refrained from giving it a name until better

material is available. Two drawings of the specimen have been given to facilitate

future identification, and the following details are all that can be observed.

The marginal contour is rotund, rather angularly expanded laterally, the greatest

breadth nearly equal to the length. The anterior margin is sharply indented by a well-

defined anteal sulcus, and the posterior extremity is slightly truncate. The greatest

height of the test is thrown far forward close to the anterior margin, so that in the

longitudinal profile the anterior extremity is seen to be a very steep and almost preci-

pitous incline, passing with a rapid and sharply rounded curve from the dorsal surface.

The posterior slope is long and even, forming a gradual incline to the posterior

extremity. The abactinal surface is much depressed, the greatest height being two

fifths of the length, and the margins are thin and sharply rounded.

The apical disk is excentric in front, but much less so than the apical summit.

All the structure is destroyed.

The odd anterior ambulacrum is situated in a deep and sharply defined groove,

2f2
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which disappears, however, at the apex. The petaloid ambulacra are in moderately

deep grooves, those of the posterior pair having a scooped-out appearance in conse-

quence of the greater depression midway between the extremities. The anterior pair

of petals are longer than the posterior pair; they proceed straight from the apex

towards the margin, and are very nearly horizontal, the angle subtended being about

155°. The poriferous zones are broad; the pores large, equal, oval, united by a conju-

gating groove, and the pairs separated by ridge-like costse. There is a very sudden and

great abortion of the seven or eight terminal pairs of the anterior zone at the apex of

the anterior petals, and two or three pairs are aborted in the companion zone. In the

posterior pair of petals about two pairs of pores are aborted in the anterior zone and

three pairs in the posterior zone. The interporiferous areas are narrow, their width

being not greater than the distance of the pores apart in the poriferous zones, and the

areas in the posterior petals are perhaps a shade narrower than in the anterior petals.

A great portion of the actinal surface is obscured by matrix ; such portions, how-

ever, as are exposed lead to the supposition that the ambulacral areas on the actinal

surface were in slight depressions, whilst the intervening interradial areas were

slightly tumid.

Traces are discernible of the peripetalous and of the subanal fascioles ; the latter

was of wide extension, ^,nd included four or five pairs of ambulacral pores on either

side.

Traces of the ornamentation may be seen on the abactinal surface near the margin,

where the miliary tubercles appear moderately large and distinct ; and along the flanks

of the groove of the odd anterior ambulacrum the tuberculation is larger than the

general miliary tuberculation. As usual, the tubercles are much larger on the actinal

surface ; and there was probably in this species some rather coarse granulation in the

ambulacral areas on either side of the actinal plastron.

Dimensions. Length of the test 40 millim., breadth 38"5 millim., height 16 millim.

Locality. In the Khirthar series of strata : Near Meting Eailway-station. Survey-

number ^.
Illustrations of the Specimen in Plate XXXVI.

Fig. 15. Abactinal view of the test: natural size.

16. Longitudinal profile of the test : natural size.

7, Metaha, sp. Plate XXXVI, Fig. 17.

There is a single and much weathered fragment of a test which we consider to

belong to a species of Metalia distinct from any of the foregoing. The fragmentary

and badly preserved state of the fossil render the specimen insufficient for specific

diagnosis ; hence, until better examples are forthcoming, we limit our reference to this

species to the following brief remarks.

The most striking feature of the fragment consists in the long straight postero-

lateral ambulacral petals, which are placed in well-defined but not very deep depressions,

and are equal to or even slightly longer than the anterior pair. The poriferous zones
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are very wide, and the interporiferous areas remarkably narrow, being little,- if at all,

wider than the divisional costse which separate the widely spaced and conjugate pairs

of pores. Two or three pairs of pores are aborted at the apical extremity of each zone.

The apical disk is excentric in front ; the ocular pores are in sunken cavities, and the

posterior pair are separated by the posterior extension of the madreporiform body.

The posterior pair of generative pores are larger and wider apart than the anterior pair.

The apical summit of the test apparently coincided with the apical disk ; and the pos-

terior slope of the test, when seen in longitudinal profile, is very slight, the posterior

extremity being high and thick ; the margins also are thick, and somewhat tumid for

this genus. The peripetalous fasciole is narrow, and was probably devoid of any sinuous

bend in the lateral interradia ; and there appear to be traces of a few large isolated

tubercles on the flanks of the ambulacral grooves. The subanal fasciole is extensive,

and includes seven or eight pairs of ambulacral pores on either side ; and there are

traces of distinct grooves radiating inwards from the pores. The actinal plastron is

rather prominent at the posterior peak, and its outline inward is defined as the apex of

a triangle by the broad posterior ambulacral areas.

Perhaps the nearest alliances of this form are to M. Sowerbyi, from which, however,

it difiers by the length and character of the posterior petals, as well as by the height

and thickness of the posterior extremity and the margins generally ; moreover, the test

is much larger than that of M. Sowerlyi as at present known.

Dimensions. From the centre of the apical disk to the posterior extremity

30 millim., breadth rather more than 41 millim., height 24 millim.

Locality. In the Khirthar series of strata: Three or four miles north-east of

Jungshahi Eailway-station. Survey-number ^~

.

Illustration of the Specimen in Plate XXXVI.

Fig. 17. Abactinal view of the specimen: natural size.

Genus LINTHIA, Merian^^S^ZT

(See antea, p. 17, Part i.)

1. LiNTHiA OEiENTALis, Buncan & Sladen. Plate XXXVII, Figs. 7-14.

Test of medium size. Marginal contour rotundly subcordiform, widely expanded

laterally, the breadth being slightly greater than the length, deeply indented anteriorly

by the anteal sulcus, contracting behind the line of greatest breadth towards the pos-

terior extremity, which is slightly truncate. The abactinal surface is convex, more or

less inflated, and deeply incised by the ambulacral grooves. The greatest height of the

test, which is slightly excentric posteriorly, lies on the keel of the odd posterior inter-

radium, and is nearly equal to two thirds of the length, or in the proportion of 0*64 : 1.

Seen in longitudinal profile the anterior slope is steep and rapid, the lateral interradia

are slightly keeled and prominent at the apex, and the posterior portion of the profile.
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which is formed by the odd posterior interradium, is convex, well arched, curving with

a well-rounded bend to the summit of the high, truncate posterior extremity. The

actinal surface is slightly convex, caused by a faint tumidity in the actinal plastron

;

and there is a slight depression in front of the peristome. The margins are full

and tumid.

The apical disk is slightly excentric in front, and has four generative and five

ocular plates ; the anterior pair of generative plates are separated by the odd anterior

ocular plate ; the posterior pair of generative plates and pores are slightly larger and

wider apart than the anterior pair, to which they are very closely placed ; the posterior

pair of ocular plates stand immediately beneath, and are separated by the posterioT

prolongation of the central madreporiform body.

The odd anterior ambulacrum is placed in a wide, deep, and well-defined groove,

which extends from the apex, deeply indents the margin, and is continued below the

ambitus as a shallow channel reaching up to the peristome, the anterior interradial

areas in the actinal surface being somewhat tumid in relation to this groove of the odd

anterior ambulacrum. On the abactinal surface this groove is of very uniform width

from the apex to the margin, and its floor has a comparatively flat appearance. The

poriferous zones are straight and parallel, except near the apex, where they converge.

The pores are very minute, those of a pair being placed in a small oval cavity, the

series of these giving the zone the appearance of being composed of large single pores.

The interporiferous area is wide, and is ornamented with a few very minute and errati-

cally placed granules, which are of two sizes, the smaller being more numerous and more

crowded. The petaloid ambulacra are comparatively long and straight, placed in deep,

sharply-defined grooves, which contract rather rapidly at the apical extremity, and also,

but in a less degree, at the outer extremity, where the groove shallows gradually. The

anterior pair of petals are slightly longer than the posterior pair, and extend straight

from the apex nearly to the margin ; they are widely divergent, and subtend an angle

of about 135°. The poriferous zones are broad, and occupy the fianks of the grooves.

The pores are subequal, and transversely oval, rather wide apart, and united by a very

broad conjugating groove, adjacent pairs being separated with ridge-like divisional

costse, which bear a single series of small, ill-defined granules. The pairs of pores are

comparatively rather widely spaced. The pores of a pair diminish in size and distance

apart as they approach the apex, and also, but to a less extent, at the outer extremity.

The interporiferous area is a shade wider than the poriferous zone, and is only about

half the width of the same area in the odd anterior ambulacrum ; it appears to have

been smooth, as no trace of miliary granulation is to be found in the specimens at our

disposal. The posterior pair of petals are similar to the anterior pair, but are rather

shorter and rather more contracted towards the outer extremity ; their course from the

apex towards the margin is straight, and they subtend an angle of about 54°. There

are 24 or 25 pairs of pores in a zone of the po§tero-lateral petals, and 29 or 30 pairs in

a zone of the antero-lateral petals.

All the interradia have a flatly tumid appearance, and become subcarinate near the

apical disk ; the odd posterior interradium is more tumid than the others along the
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median longitudinal line, and forms between the posterior pair of petals a well-

developed convex, hog-backed ridge.

The peristome is very excentric in front, nearer the anterior than the lateral

margins of the test ; it is bilabiate, with the posterior lip broad, well arched, mode-

rately prominent and tumid, the anterior lip semicircular, and the neighbouring por-

tions of the test sloping inwards.

The periproct is of moderate size, transversely oval, and placed at the summit of

the posterior extremity, the upper margin being slightly overhung by the test, and the

angle of truncation of the posterior extremity is slightly directed inwards, which gives

an overhanging character to the whole extremity ; beneath the periproct there is a

slight concavity in the test, which causes some tumidity to appear on either side of the

extremity near the margin.

There are two well-developed fascioles on the test—one peripetalous, and the other

latero-subanal . The peripetalous fasciole is very sinuous ; it crosses the groove of the

odd anterior ambulacrum a short distance above the ambitus, traverses the anterior

interradia with a concave curve, bends sharply round the antero-lateral petals, and

after proceeding for a short distance beyond their extremity, is bent at right angles to

run parallel with the groove nearly up to the inner fourth of the petal ; it is then again

bent at right angles, and proceeds nearly parallel with the longitudinal axis of the test

until it curves sharply round the extremity of the postero-lateral petal, and passes far

up into the odd posterior interradium with a deeply reentering curve to cross the keel

and pursue a similar course on the other side of the test. The latero-subanal fasciole

joins the peripetalous fasciole at its sharp angular bend behind the extremity of the

antero-lateral petal, and proceeds thence in a direct course backwards and downwards

towards the posterior extremity, and passes beneath the periproct.

The ornamentation on the abactinal surface is small, crowded, and comparatively

uniform, consisting of small primary tubercles with mamelons and disk-like scrobicules,

and with small, uniform, widely spaced, and irregularly disposed miliary granules in the

interspaces. On the actinal surface the primary tubercles are much larger and more

widely spaced, and the intervening miliary granules are more numerous and crowded.

Bemarks.. This species has some resemblance to the Egyptian form Linthia

cavernosa described by de Loriol; but the Indian species is more widely expanded

laterally, and has much more deeply and definitely grooved ambulacra, and also

appears to be more tumid posteriorly. The forms are probably representative species.

Linthia orientalis has likewise some affinity with L. Tbergensis of de Loriol, from the

Nummulitic of Switzerland, but is distinguished by its more depressed test, by the

narrower petals placed in more sharply defined grooves, by the more excentric apex,

and by the difierent characters of the posterior extremity and marginal contour.

As illustrative of the elasticity of form in this species, we have given drawings of

two remarkable monstrosities, in both of which an oblique development of parts has

taken place. The smaller of the two examples is also peculiar on account of its high

and conical abactinal surface, the longitudinal profile simulating in outline that of some

forms of Conoclypeus.
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Dimensions. The largest specimen measures 45 millim. in length, with greatest

breadth 46 millim. and height 29 millim. The antero-lateral petals are 21 millim. in

length, and the postero-lateral 18 millim.; the greatest breadth of the latter is 5 millim.,

or a shade less.

Localities. In the Khirthar series of strata :—i. Kois Hill, near Damaj, south of

BulaKhan. Survey-number^.

ii. Baili, west of Tong. Survey-number ^^.

Illustrations of the Species in Plate XXXVII.

Fig. 7. Abactinal view of the test : natural size.

8. Actinal view of the test : natural size.

9. Longitudinal profile of the test : natural size.

10. Odd anterior ambulacrum : magnified.

11. Portion of one of the petaloid ambulacra: magnified.

12. Apical disk: magnified.

13. Abactinal view of an abnormal unsymmetrical test : natural size.

14. Abactinal view of another abnornal unsymmetrical test : natural size.

Genus SCHIZASTEE, Agassiz, 1836.

(See anted,, p. 86, Part ii.)

1. ScHiZASTER STMMETRicus, Buncan & Sladen. Plate XXXVII, Figs. 15-21.

Test of small or medium size. Marginal contour oval, elongate, deeply indented

anteriorly by the anteal sulcus, rather more contracted towards the posterior extremity,

which is subrostrate, and more or less protuberant. The abactinal surface is not very

high, and when seen in longitudinal profile forms a well-arched curve, sloping gently

from the highest point, which is excentric posteriorly, to the anterior extremity, which

is thick and tumid. Immediately behind the highest point, the outline is slightly

curved, and is then abruptly truncate obliquely at a steep angle of inclination, which

extends to the ambitus, the area thus formed being more or less concave ; beneath

the ambitus the inferior margin of the posterior extremity is rounded off to merge into

the actinal surface, and is tumid and protuberant. The sides of the test are tumid, and

the actinal surface convex.

The apical disk is almost subcentral, or very slightly excentric posteriorly. There

are only two generative pores, which are very large, and borne on hexagonal plates,

which correspond with the postero-lateral interradia. The anterior pair of generative

pores are aborted. The ocular plates are subpentagonal, and the posterior pair are

separated by the central madreporiform body.

The odd anterior ambulacrum is situated in a wide and deeply excavated

groove, the floor of which is but slightly rounded, and is bounded by the high thin

ridge-like keels of the anterior interradia. The poriferous zones are placed in the
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rounding which unites the floor and the sides of the groove ; the pores are small, and

have a tendency to become slit-like, especially the inner series. The pores of a pair

are separated by a high, prominent, pedunculated granule, which has a slight inclination

towards the outer pore in the direction of the apex ; and the pairs of pores are situated

in faint oblique depressions. All the pairs are well spaced throughout the zone, but

are closer at the apical extremity. The interporiferous area is ornamented with a few

minute and widely spaced miliary granules, amongst which a few larger ones are occa-

sionally to be found. The anterior pair of ambulacral petals are large, wide, petaloid,

situated in deep well-defined grooves, and are rather divergent for the genus. The

anterior poriferous zone is bent with a graceful sigmoid curve, and the companion

posterior zone is abruptly rounded at a short distance from the apical disk. The

poriferous zones in the middle of the petal are very broad ; and the pores are wide

apart and slit-like ; they are indistinctly conjugate, and adjacent pairs are separated by

a very low and scarcely definite costa, which does not appear to extend beyond the inner

half of the zone, or, in other words, only the inner series of pores are separated by

it. The interporiferous area is much narrower than the width of the poriferous zone,

and is devoid of ornamentation.

The posterior pair of petals are small, elliptical or subpyriform in outline, with

their outer extremity well rounded, and the apical extremity rapidly contracting to a

point. The course of the petal from the apex towards the margin is straight, and with

no tendency to flexure, and the petals are separated only by the thin narrow ridge of

the odd posterior ambulacrum. The poriferous zones are similar in character to those

of the anterior petals, but the inner series of pores form a straight line, whilst the

outer form the well-developed curve which defines the outline of the petal. There are

19 pairs of pores in a zone of the posterior petals against 24 pairs in the anterior petals,

the ambulacral plates being smaller and the pairs of pores much closer together in the

former.

The paired interradial areas have all their plates on the abactinal surface more or

less gibbous, which produces a vertical series of knobby prominences in each of the

columns of interambulacral plates, and these are most conspicuous as they approach

the ambitus. On the inner portion of the anterior interradia the two series of promi-

nences become merged into one to form the thin, sharp, keel-like ridge that separates

the odd anterior groove from the antero-lateral petal ; and at the apical extremity the

keel tapers off" gradually to the level of the apical disk. There is a similar keel at the

apical extremity of the lateral interradia, but it is short, narrow, flat on the upper

surface, and likewise tapers down to the level of the apical disk. The keel of the odd

posterior interradium, which is narrow, rather high and ridge-like, gradually expands

and disappears over the summit of the oblique posterior truncation. The general area

of this truncation is concave, and the margins on the lower half are defined by

gibbosities on the plates, which are also present on the plates of the tumid inferior

prominence beneath.

The periproct is comparatively small, vertically elliptical, and is placed at the

summit of the concave posterior truncation.

2g
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The peristome is very excentric in front ; the regions of the ambulacra on the

actinal surface are conspicuously naked ; and the actinal plastron is more or less tumid,

and becomes gibbous at the culminating point posteriorly. The figure of the abactinal

surface given on the Plate is considerably restored from a very badly crushed example,

the detail of which is only preserved fragmentarily.

There are two fascioles present—a peripetalous and a latero-subanal. The peri-

petalous fasciole is broad, and closely embraces the ambulacral petals, crossing the

anterior interradia at a short distance external to the apparent bifurcation of the

gibbous keel, and bisecting the groove of the odd anterior ambulacrum just before the

rounding of the anterior margin commences. The lateral fasciole is a very thin, narrow

band, which joins the peripetalous fasciole behind the extremity of the antero-lateral

petals, crosses the lateral interradia through the two uppermost prominent gibbosities,

and passes thence beneath the periproct, traversing the inferior margin of the concave

area.

The ornamentation on the abactinal surface is uniformly small, excepting along

the inner flanks of the keels which bound the odd anterior groove, where some larger

tubercles are present. On all the gibbose plates of the interradia the tuberculation is

smallest at the summit of the prominence, and increases in size as it recedes therefrom.

All the ornamentation increases in size and in distance apart as it approaches the

ambitus, especially in the anterior region ; and the primary tubercles become larger

and widely spaced on the margins of the actinal surface. On the actinal plastron a

more or less definite arrangement of lines radiating from the culminating point is

maintained ; the size of the tubercles increasing as they approach the peristome, those

near the culminating point being the smallest.

Bemarks. It is not without hesitation that we have ranked this form as a

Schizaster—the subcentral apical disk, the comparatively divergent anterior petals,

and the rather long posterior petals being abnormal for the genus. On the other

hand, the deeply excavated ambulacra, the carinate keels of the interradia, the

character of the ornamentation, and of the apical disk are all more clearly allied to

Schizaster than to Linthia ; and we have consequently placed the form in accordance

with what seem to us the sum of its afiinities. In sequel to these remarks it is

interesting to note that 8. symmetricus has rather a strong resemblance to Linthia

Navillei, described bydeLoriol from Egypt, in so far as the shape of the test is

concerned ; but the Indian species diffiers in being more depressed, in the shorter and

more precipitous truncation, in the depth and character of the ambulacral grooves,

and in the more excentric apical disk. We know of no species with which it can be

confounded, and it is very distinct from the other Indian forms.

Dimensions. Length of test 30-5 millim., breadth 28 millim., exact height inde-

terminable.

Locality. In the Khirthar series of strata : Eight or nine miles south by west of

Jangri, and east of the Surjana range. Survey-number ?^^,
to
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niustmtions of the Species in Plate XXXVII,

Fig. 15. Abactinal view of the test : natural size.

16. Actinal view of the test : natural size.

17. Longitudinal profile of the test : natural size.

18. The test seen from behind.

19. Odd anterior ambulacrum : magnified.

20. Portion of one of the petaloid ambulacra : magnified.

21. Apical disk : magnified.

2. ScHizASTEE siMULANs, Buncan & Sladen. Plate XXXIV, Figs. 15 & 16.

There is a single badly-preserved and broken test of Schizaster in the collection,

which is so well marked that we have ventured to name it, although the condition of

the fossil is unsuitable for description, and our remarks are consequently limited to

such characters as may be observed.

The test is of medium size, having the marginal contour oval, deeply indented in

front, and rather contracted posteriorly. The apical disk is only slightly excentric

posteriorly. Seen in longitudinal profile, the greatest height occurs near to the

posterior extremity, and the abactinal area slopes thence gradually to the compara-

tively thin anterior margin. The general character of the test is decidedly depressed

for the genus, and the margins are comparatively thin and almost angular in their

rounding. The groove of the odd anterior ambulacrum is deep and narrow. The

anterior pair of petaloid ambulacra are deep, wide, and well rounded at the outer

extremity, and contract gradually at the apical extremity ; and the petals as a whole

are comparatively slightly curved, and rather widely divergent. The posterior pair of

petals are small, subelliptical in outline, and only slightly divergent, and are separated

by the ridge-like carination of the odd posterior interradium.

The anterior and the lateral interradia are not prominently keeled, although their

narrowness at the apex, combined with the depth of the grooves of the petals, simulate

that appearance near the apical disk. From the point of greatest height the odd

posterior carination is abruptly rounded to the posterior extremity, where the test is

prominent and overhangs the periproct. This aperture is placed at the summit of the

high posterior truncation ; the area beneath is more or less incurved, and the inferior

margin of the extremity, which is sharply rounded, is not quite vertically beneath the

prominence of the superior or dorsal portion of the extremity, but is slightly less pro-

minent and nearer the centre, and the general plane of truncation consequently trends

inwards. The comparatively broad actinal surface is more or less tumid along the

longitudinal line, the actinal plastron being cojivex. The peripetalous fasciole closely

embraces the ambulacral petals, entering deeply into the lateral interradia. The latero-

subanal fasciole is very high in position, passing with a convex curve at a high level,

almost into the interpetalous area of the lateral interradia.

Remarks. Notwithstanding the scanty details enumerated above, they are sufficient

to indicate that the Schizaster in question is clearly distinct from any of the other

2g2
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Indian forms; and although we hesitate from drawing definite comparisons with

western species, we venture to believe that when more perfect specimens are studied,

and such comparisons are possible, S. simulans will prove to be readily distinguishable.

Dimensions. Length of the test 40*5 millim., breadth 37 millim., height about

24"5 millim.

Locality. In the Khirthar series of strata : Baili, west of Tong. Survey-number

&304
23 •

Illustrations of the iSpecies in Plate XXXIV.

Fig. 15. Abactinal view of the test : natural size.

16. Longitudinal profile of the test: natural size.

3. ScHizASTBR Baluchistanensis, d'ArcMac & Haime.

We refer to this species a single small test of Schizaster, the preservation of which

is, however, so bad as to be quite unfitted for illustration, and the determination is

based entirely upon its general form and character. As the species occurs in other

strata, and has been noticed by us in the description of the Fossil Echinoidea of Kachh

and Kattywar, further remarks are here unnecessary.

The Khirthar example is of small size, its length being about 28 millim.

Locality/. In the Khirthar series of strata : Pujana lak (pass), east side of Hothian

Hill. Survey-number ^.

4. ScHizASTEE (I), sp. Plate XXXVI, Figs. 20 & 21.

There is a single badly preserved test in the collection which is unquestionably

distinct from any of the other Indian Echini, but the condition of the fossil is such

that any useful description is impossible, and we are in great doubt even as to its

generic position. The form has been placed provisionally as a Schizaster mainly on

account of the shortness of the posterior pair of petals and the apparent trend of the

anterior pair. There appear also to be indications suggestive of the former presence

of a fasciole passing below the periproct, -but this statement is purely conjectural. As

no useful remarks are possible on such an unintelligible fossil, it is obviously necessary

to await the receipt of more perfect specimens before any specific diagnosis can be

given ; meanwhile the figures of the fossil in question contained in Plate XXXVI. will

serve for the identification of the form.

Dimensions. Length of the test 50 millim., breadth 45 millim., height 32-5 millim.

Locality. In the Khirthar series of strata : About seven miles north-east of Bula

Khan's Thana. Survey-number ^.

Illustrations of the Species in Plate XXXVI.

Fig. 20. Abactinal view of the test : natural size.

21. Longitudinal profile of the test : natural size.

There is another test, equally indeterminable, from the same locality; it is of
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much smaller size, only 17 millim. in length, and may or may not belong to the same

species. From what can be observed of its shape, however, we are inclined to think

that it is probably the young of the same form as the larger test noticed above.

Genus MOIEA, A. Agassiz, 1872.

There is a fairly well-preserved fragment of a test unquestionably belonging to

this genus included in the collection of Echinoidea from the Khirthar series of strata

in Sind. From the appearance of the matrix, however, we have very strong doubts as

to the accuracy of the assignment of this fossil to the Nummulitic series, and would

urge caution before it is definitely included as a member of the Khirthar fauna. If,

however, the horizon accredited to the specimen under notice be correct, this fragment

is interesting as being the earliest representative of the genus with which we are

acquainted.

A species of Moira (M. antiqua, nobis) occurs abundantly in the Miocene strata of

Kachh, and has recently been described by us in our work on the Tertiary Fossil

Echinoidea of that province. The present form is specifically^ distinct ; but we are

unfortunately unable to furnish a complete diagnosis, as little more than one side and

a portion of the abactinal surface of our specimen remains. Our description is neces-

sarily limited to the few striking characters preserved, and is in a large measure

comparative, having reference to the Miocene form.

1. Moira peim^va, Duncan & Sladen. Plate XXXV, Figs. 1-3.

Test rather small, marginal contour decidedly oviform ; the test being longer and

more contracted, and more definitely pointed posteriorly than in Jf. antiqua. Further-

more the test is not so widely expanded laterally behind the anterior petals, and is

more gradually contracted anteriorly. The dorsal height appears to be less, and the

ciirvature of the abactinal surface less bombous in its slope to the anterior margin,

which is comparatively sharp and angular. The odd anterior ambulacrum forms a

very deep pit in front of the apical disk ; and the upper margins of the groove are

comparatively wide apart, and appear to be less contracted as they approach the apex

than is the case in the Kachh form.

The grooves of the lateral petals are very narrow and slit-like, and do not become

wider at their distal extremity. The posterior pair appear to be proportionately longer

in relation to the anterior pair than in M. antiqua. Both pairs of petals are also rather

more divergent,—the anterior pair of grooves subtending an angle of about 108°, and the

posterior one of about 50 .

The characteristic lineal ornamentation of the genus is well preserved in our

specimen, and it is small and homogeneous.

Dimensions. The length of the test is 24 millim., and the height about 17 millim.

Locality. In the Khirthar series of strata (]) : Twenty-four miles west of Kotri

(entering the hills on the road to Bula Khan's Thana). Survey-number ^~.
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(The matrix, which is arenaceous and of a grey colour, is altogether different

from that of any of the large series of specimens obtained from this locality ; and it

appears almost unquestionable that the assignment of this specimen to the Khirthar

series results from an accident in labelling.)

Illustrations of the Species in Plate XXXV.

Fig. 1, Abactinal view of the test : natural size.

2. Longitudinal profile of the test : natural size.

3. Ornamentation of the plates in the lateral interradium : magnified.
.

Genus BRISSOPATAGUS, Cotteau, 1863.

Test of medium size, oval, moderately inflated above, almost flat beneath, sub-

carinate in the posterior region.

Ambulacral summit excentric in front. Anterior sulcus not defined on the dorsal

surface, but tolerably deep near the ambitus. Anterior pair of petals short, widely

divergent, curved, situated in wide subcircular depressions, which thin out anteriorly.

Posterior ambulacra more elongate, almost straight, subtending an acute angle.

Peristome excentric in front, semicircular.

Periproct elliptical, opening on the posterior extremity.

Fascicles %

This remarkable genus, which was established by Cotteau for the reception of

two species—one from the Nummulitic strata of Biarritz and the other from Java, is

especially characterized by the peculiar curvature of the anterior pair of petals, and by

their position in wide, subcircular, shallow depressions or concavities of the test. A
third species has subsequently been described by Dames from the neighbourhood of

Verona.

The fossil from the Khirthar series of strata of Sind, which we are about to notice,

accords in all points with the generic diagnosis defined by Cotteau, but unfortunately

our example has suffered great damage from weather action, and the specific description

which we are able to furnish is consequently in some respects imperfect.

1. Bkissopatagus Sindbnsis, Duncan & Sladen. Plate XXXVIII, Figs. 19-21.

Test of medium size, elongate ; marginal contour a subpyriform heart-shape, faintly

indented anteriorly, the greatest breadth across a line lying in front of the centre, thence

tapering considerably to the subrostrate posterior extremity. The greatest breadth is

about four fifths of the length, or in the proportion of 0'79 : 1. Abactinal surface

subdepressed, fiatly convex, arching from the rather abruptly rounded margins. The
odd posterior interradium is tumidly subcarinate, and the greatest height of the test

lies at a point midway between the outer extremities of the posterior petals and verti-

cally over the culminating point of the actinal plastron, the prominence of the latter

greatly augmenting the measurement, the height being here proportional to the length

as 0-45 : 1.

The apical disk is excentric in front, its distance from the anterior margin being
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about three eighths of the length of the test. All structure has entirely disappeared,

the test being very thin, and this portion is unfortunately quite worn away.

The groove of the odd anterior ambulacrum is not defined until some distance

away from the apical disk ; it then gradually presents itself as a wide, shallow, depressed

tract, which, faintly, but distinctly, indents the anterior extremity, dying out just

below the ambitus, and not being continued on the actinal surface ; its floor appears to

have been naked, or with very minute granulation. The anterior pair of petals are

short, very widely divergent, of nearly uniform breadth throughout, and their course is

conspicuously curved, forming a distinct arc with the convexity backwards ; each petal

is situated in a shallow subtriangular depression, or concavity of the test, which extends

over more than half of the anterior interradium, thinning out gradually towards the

front and the margin, and the deepest part being defined by the curved line of the

petal. The poriferous zones are broad, nearly uniform in breadth throughout, and run

parallel with one another ; the pores are equal, transversely oval, wide apart, and united

by an indistinct conjugating furrow; the divisional septa, which are comparatively

broad, bore a few minute miliary granules in transverse line. The interporifeous area

is of uniform breadth throughout, and is narrower than the distance of the pores apart

in the poriferous zone. The posterior petals are longer than the anterior pair, are

straight in their course from the apex towards the margin, and subtend an angle of

about 42° ; they are of almost uniform breadth throughout, which is equal to that of

the anterior pair of petals; the poriferous zones, which are of uniform breadth

throughout, run parallel to one another, and their structure is similar, and equal in

all respects, to that of the anterior pair of petals. The posterior petals are situated in

shallow depressions of the test, which extend and die out on the lateral interradia, and

are perhaps somewhat less definite than those in which the anterior pair of petals are

placed.

The anterior interradial areas appear tumid, or even with a tendency to become

subcarinate in their anterior zone which intervenes between the odd anterior groove

and the concavity of the test in which the antero-lateral petal is placed. The odd

posterior interradium is decidedly tumid, forming a low, widely expanded subcarinate

prominence along the median line, which slopes down to the depressed areas of the

postero-lateral petals, and in the posterior portion down to the margin.

The peristome is rather small, bilabiate, with the posterior lip tumid, and its

position is very excentric anteriorly.

The periproct is situate at the summit of the narrow posterior truncation, is com-

paratively large, and vertically subelliptical.

The actinal plastron develops a low angular carination along the median line, which

reaches a culminating point at about two thirds of the distance from the peristome to

the posterior extremity, and is thence faintly continued along this secondary or pseudo-

subanal plastron, dying out entirely, however, at the rounding which takes place at the

inferior margin of the posterior truncation. The secondary plastron is remarkable, and

wholly actinal in position ; on either side are included six or more pairs of ambulacral

pores, from which may be inferred the former presence of a subanal fasciole, although
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no traces of such a band are discernible in our specimen. There appear to have been

very broad naked areas corresponding to the postero-lateral ambulacral areas on either

side of the plastron.

The ornamentation of the test is all more or less destroyed ; that on the abactinal

surface generally appears to have been small and homogeneous in character, whilst that

of the actinal area consisted of larger and more isolated tubercles in large scrobicules,

with a few minute miliary granules in the interspaces. Within the depressed areas,

wherein the petaloid ambulacra are placed, there .are the remains of a few very large

primary tubercles, probably three' or four in each, and no other similar ones are

present elsewhere on the test.

' In one of the lateral interradia there is a mark which occupies the probable

position of a peripetalous fasciole, but whether such a structure was originally present

we are quite unable to determine.

Memarks. Whilst the Indian form above described agrees in every particular with

the generic diagnosis formulated by Cotteau for Brissopatagus, it differs considerably

and unmistakably from each of the three species at present included therein.

B. Sindensis is readily distinguished from S. Caumonti, Cotteau, by the more elongate

and posteriorly tapering test, by the wide and more shallow anterior groove, and by

the more elongate petals, as well as by the different ornamentation of the test. From
B.javanicus, Cotteau, the shape of the test and the proportions and character of the

ambulacra are alone sufficient to separate the Khirthar species. Finally, in B. Beyrichi,

Dames, the form of the test and position and relative proportions of the anterior and

posterior pairs of petals clearly indicate that the two species are undoubtedly distinct

;

although it seems probable that the Veronese form is the nearest ally of our Indian

example. Dames defines a well-marked peripetalous fasciole in his form, but in the

two species studied by Cotteau there is no indication of the presence of any fascioles;

whilst in none of the three species has a subanal fasciole been observed. From the

foregoing remarks it will be seen that Brissopatagus Sindensis may or may not have

had a peripetalous fasciole, but that there is evidence, which almost amounts to con-

firmation, that a subanal fasciole was present.

Dimensions. Length of the test 39 millim., breadth 31 millim., height 17'5 millim.

Locality, In the Khirthar series of strata : Baili, west of Tong. Survey-number
G304

Illustrations of the Species in Plate XXXVIII.

.

Fig. 19. Abactinal view of the test : natural size.

20. Actinal view of the test : natural size.

21. Longitudinal profile of the test : natural size.

Genus BEEYNIA, Besor, 1847.

Large Urchins well characterized by the presence of peripetalous, internal, and

subanal fascioles. There are large tubercles with deep scrobicules limited by the peri-

petalous fasciole, but not in the posterior interambulacrum. The internal fasciole crosses
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the four petals, and their pores within its area differ from those without and may
disappear.

1. Beetnia carinata, d'Archiac & Haime.

There is a single badly preserved, crushed, and almost unrecognizable specimen of

this species included amongst the collection of Khirthar Echini from Sind, respecting

which, however, we have grave doubts, on account of the nature of its matrix, as to the

accuracy of its being referred to the Khirthar series of strata. The fossil probably

belongs to a higher horizon, and was included in the collection under notice by mistake.

As Breynia carinata occurs in higher beds in Sind, and is there found in a perfect state

of preservation, we reserve any further remarks upon the species until a subsequent

fasciculus, when dealing with the form from its authenticated horizon. We have pre-

viously noticed the species when describing the Echinoidea from Kachh. The present

example is wholly unfitted for illustration, and almost worthless in a morphological

point of view.

Locality. Accredited (probably by mistake) to the Khirthar series of strata.

West side of Bhago-Thoro Hill, south of Sehwan. Survey-number ^?-

Genus MACROPNEUSTES, Agassiz, 1847.

Test of large or medium size, more or less inflated, cordiform ; anteal sulcus scarcely

perceptible, except at the ambitus.

Ambulacral summit subcentral or excentric in front. Apical disk compact ; four

generative plates, with the central madreporiform body narrow and elongate. Odd

anterior ambulacrum different from the others, formed of simple and very small pores.

Paired ambulacra petaloid, elongate, sometimes more or less excavated, the posterior

pair usually rather longer than the anterior.

Peristome bilabiate, excentric in front,

Periproct at the summit of the posterior extremity.

Tubercles very unequal, the large ones isolated, prominent, and confined to the

abactinal surface, the general tuberculation of the test being small and crowded.

One fasciole, peripetalous, which does not always limit the large tubercles.

1, Maceopneustes speciosus, Duncan & Sladen. Plate XXXVIII, Figs. 1-5.

Test of large size. Marginal contour elongately oval, slightly indented anteriorly,

rather more contracted and less fully rounded posteriorly. The greatest breadth is

median, and is a little more than four fifths of the length, or in the proportion of

0-83 : 1. The abactinal surface is depressed, with its curvature regularly convex,

springing from the comparatively thin, abruptly rounded margins, uniformly all round

the test. The greatest height of the test is excentric posteriorly, but not to a very great

degree ; consequently when the low dorsal convex curve is seen in longitudinal profile

the posterior slope is shorter and rather more inclined than the anterior ; the greatest

height is exactly two fifths of the length. The actinal surface is almost flat.

2h
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The apical system is excentric in front, its distance from the anterior margin being

rather more than one third of the length, or in the proportion of 0*38 : 1. The four

generative pores are rather closely placed, aad the anterior and the posterior pair are

equidistant. The odd anterior ocular plate is placed between the anterior generative

plates, and is small. The lateral ocular plates are much larger and subpentagonal ;

the anterior pair are placed in the angle formed by the junction of the anterior and

posterior generative plates, and the posterior pair are placed immediately behind the

posterior generative plates, and are separated by the considerable posterior extension

of the central madreporiform body. The ocular foramina are microscopic.

The odd anterior ambulacrum is straight or slightly flexuous in its course ; and the

anteal sulcus is not apparent until near the margin, increasing gradually in depth and

breadth, and indenting the anterior extremity with a wide, but rather shallow, indenta-

tion, which terminates rather abruptly on the anterior interradia as seen from above.

The poriferous zones are nearly parallel, and are composed of pairs of very minute pores

obliquely placed, and rather wide apart from neighbouring pairs ; the interporiferous

area is flat, narrow, and of nearly uniform breadth throughout, excepting near the apex,

and is ornamented with numerous definite and rather isolated miliary granules.

The anterior pair of petals are nominally flush with the surface of the test,

although the .depression of the poriferous zones in slight channels gives a rather promi-

nent appearance to the interporiferous areas; they are very long, and extend close to

the ambitus, widely divergent, subtending an angle of about 150°. Excepting at the

proximal and distal extremities of the petals, the poriferous zones run parallel to one

another. At the apical extremity the anterior zone of the petal converges gradually,

forming a graceful curve ; whilst the posterior zone is nearly straight in its course, its

convergence being scarcely perceptible. At the outer extremity of the petal it is the

posterior zone which converges, and forms the slight attenuation at the extremity, whilst

the companion anterior zone remains straight. In this manner there is a slightly sigmoid

character given to the petal, although its course, as a whole, might be said to be straight

from the apex towards the margin. The poriferous zones are rather broad and of

uniform breadth throughout, excepting at the extremities, where their attenuation

emphasizes very largely the curved character above noticed ; at the apical extremity

6 to 8 pairs of pores in each zone are so small as to appear almost aborted. The inner

pores are transversely oval, and the outer to a much greater degree, almost appearing

slit-like, and with a tendency to become pyriform ; the pairs are united by a conju-

gating groove, and adjacent pairs are separated by thin well-defined divisional costae

ornamented with a single line of miliary granules. The interporiferous area is a little

wider than the poriferous zone, and is ornamented with small definite and rather widely

spaced miliary granules of two sizes, indiscriminately mixed, the whole having a very

homogeneous appearance when seen with the naked eye. The posterior pair of petals

are longer than the anterior pair, and like them extend nearly to the ambitus ; their

course is straight from the apex towards the margin, and they subtend an angle of

about 47°. Their breadth is equal to that of the anterior pair, and their pharacter

and structure are similar, the terminal curvature, however, of the respective zones being
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less pronounced. The odd posterior interradium is distinctly tumid in its median

portion.

The peristome is large, bilabiate, excentric in front, and to a greater degree than

the apical system. The anterior margin is the arc of a transverse oval, and the posterior

lip is prominent. A wide, but shallow groove is continued from the indentation of the

anteal sulcus at the margin up to the peristome, in which the odd anterior ambulacrum

is placed ; and there is also a slight troughing near the peristome in the region of the

antero-lateral ambulacral areas, the poriferous zones of these latter diverging slightly

as they approach the aperture.

The periproct is very large, subcircular, and occupies the whole of the depth of the

small vertical truncation of the posterior extremity.

The ornamentation is striking and greatly developed. It consists of two sizes of

tubercles—one large and the other small. The large primary tubercles, which are per-

forate, crenulate, and placed in slightly sunken circular scrobicules, are confined to the

abactinal surface, and are all within the bounds of the peripetalous fasciole ; they stand

on each of the interradial plates in a regular line parallel with the aboral margin of the

plate, and consequently obtusely angulated ; on the plates near the ambitus about a

dozen are present, and the number decreases on successive plates as these latter diminish

in width as they approach the apex. Each column of the interradia is thus furnished

with a series of obtusely angulated lines of primary tubercles. On each plate, beneath

the line of large primary tubercles, there are a number of very small tubercles, perforate

and in small scrobicules; and the whole of the intermediate parts of the plate are

occupied by small, uniform, miliary granulation rather distinctly spaced. At the

ambitus and outside the latero-peripetalous fasciole and at the margin of the actinal

surface the tuberculation is small and crowded. On the actinal surface proper the

primary tubercles are large and well spaced, in slightly sunken scrobicules presenting

frequently an upturned disk-margin at one side, the intermediate spaces being orna-

mented by very small, uniform, and closely placed miliary granules, of which there are

seldom more than one series round the margin of each scrobicule, and with a few

additional in the angular interspaces. The posterior ambulacral areas on either side of

the actinal plastron are broad, and devoid of large primary tubercles, but closely

covered with small granulation.

There is a very narrow, but distinct, latero-peripetalous fasciole encircling the

ambitus, or only very slightly above, and consequently of the widest extent possible on

the test, without encroaching on the actinal surface. No trace of a subanal fasciole is

discernible ; and furthermore the form of the test does not lead to the suspicion of such

a structure having ever existed in the Spatangoid under notice.

Remarks. This handsome species is readily distinguished from all other Khirthar

Spatangoids. Its facies, as determined by the numerous, prominent, and regularly

arranged primary tubercles of the abactinal surface and the character of the ambulacral

petals, is very unlike that of any Euspatangus ; and on these grounds we have placed it

in the genus Macropneustes, notwithstanding the fact that the preservation of our

specimen unfortunately does not enable a positive observation to be made as to whether

2h2
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a subanal fascicle was present or not. The form of the test, however, in that region

appears to preclude the supposition of its existence entirely.

Dimensions. Length of the test 70 millim., breadth 58'5 millim., height 28 millim.,

breadth of the postero-lateral petal 6"5 millim.

Localities. In the Khirthar series of strata:—i. Dharan pass, near Laki. Survey-

number ™.
ii. Uncertain (purchased with others), said to be from Jakhmari, or from Teyon,

Laki range. Survey-number ^^.
iii. Uncertain (purchased), said to be near Jakhmari, Laki range. Survey-

number «f-^

iv. Said to be from near Jhirak (Jerruck) (presented), exact locality unknown.

Survey-number ^^.

Illustrations of the Species in Plate XXXVIII.

Fig. 1. Abactinal view of the test : natural size.

2. Longitudinal profile of the test : natural size.

3. The apicaldisk: magnified.

4. Portion of the odd anterior ambulacrum : magnified.

5. Portion of the antero-lateral ambulacrum : magnified.

2. Macbopneustes eotundus, Duncan & Sladen. Plate XXXVIII, Figs. 6 & 7.

Test of medium size, depressed. Marginal contour rotundly oval or subcordiform,

well rounded and very faintly indented anteriorly, more contracted posteriorly and

broadly truncate. The greatest breadth is slightly excentric in front, and is propor-

tional to the length as 0'9 : 1. The margins are well rounded and rather tumid. The

abactinal surface is regularly convex, and, as far as can be ascertained from the specimen

under notice, was probably highest posteriorly. The actinal surface has a slight tumid

character in consequence of a little depression round the peristome and the well-rounded

margins ; the actinal plastron is also rather tumid.

The apical disk is excentric in front, its distance from the anterior margin being a,

little more than one third the length of the test. All details obscured. The anterior

pair of petals are comparatively shorter than in the preceding species, and have a some-

what more petaloid appearance in consequence of the greater curvature of the posterior

zone as compared with the anterior one. The poriferous zones, which are broad but

diminish considerably at either extremity, are placed in shallow grooves of the test ; the

inner series of pores are elongately oval transversely, and the outer series slit-like, and

united by a conjugating furrow. The interporiferous area is narrower than a poriferous

zone, and appears to be slightly raised or tumid in consequence of the depressions in

which the poriferous zones are placed ; its ornamentation is obliterated. The anterior

pair of petals are very widely divergent, and subtend an angle of about 160°. The odd
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anterior ambulacrum is scarcely discernible, and no groove is developed until close to

the margin, where there is a wide but very shallow indentation of the test, which

extends to the middle of the anterior column of the anterior interradia, along which

there is, moreover, a faint, but distinctly perceptible, trace of carination. The pores

are very minute and wide apart. The postero-lateral petals are unfortunately obscured.

The large tubercles of the abactinal surface are numerous, uniform, and prominent,

and are arranged in lines parallel with the outline of the plates, and consequently

obtusely angulated, as in the preceding species, the number, however, being less.

There were also probably a few small tubercles amongst the miliary granulation of the

plates, and it may be noticed that the tubercles generally diminish in size as they approach

the margin. On the actinal surface the tubercles are large and distinct, and there is a

tendency to assume a lineal arrangement in the lateral regions.

The latero-peripetalous fascicle is of wide extent, placed at the very margin of the

test, just above the ambitus, in the anterior and lateral portions of the test; on the

posterior half of the lateral interradia it leaves this extreme marginal position and

encroaches on the abactinal surface slightly. Consequent on its marginal position the

distance of the fascicle from the extremity of the antero-lateral petals is compara-

tively great. The fasciolar band is very narrow, and there do not appear to be any

large tubercles outside its limits—a circumstance almost obviously dependent on its

marginal position both in this and the preceding species. We can detect no trace of

any subanal fasciole, and from the nature of the tuberculation that remains on the

fragmentary portions of that region preserved in our specimen, we are led to infer that

no fasciole was originally present.

Bemarks. Notwithstanding the very bad state of preservation of the fossil under

notice, and the consequent imperfection of the above description, the form is readily

distinguishable from its associates, and, as far as we are aware, from the other species

of the group. Owing to the uncertainty respecting the presence of a subanal fasciole,

we felt some hesitation as to whether this form was really a Macropneustes or should

instead be placed as a Euspatangus. The inferred absence of that structure, and the

character of the abactinal tuberculation, determined our opinion in regarding it as

belonging to the former genus, the primary tubercles being more numerous, more pro-

minent, and in less definite scrobicules than are normally found in JEuspatangus.

Dimensions. Length of the test 33 millim. ; breadth 30 millim. ; height, measured

at the apical disk, 13-5 millim. (the greatest height is probably situated in the posterior

interradium ; but as that portion of the test is covered with matrix, no measurements

are possible).

Locality. In the Khirthar series of strata. Teyon (or Tiyun), east of Chorla

Survey-number ^^•

Illustrations of the Species in Plate XXXVIII,

Fig. 6. Abactinal view of the test : natural size.

7. Actinal view of the test : natural size.
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Genus PERIPNEUSTES, Cotteau, 1875.

Test of large or medium size, elongate, inflated, more or less cordiform. Anteal

sulcus deep, deeply indenting the margin.

Ambulacral summit excentric in front. Apical disk compact, with four generative

pores. Odd anterior ambulacrum different from the others, formed of small and simple

pores. Paired ambulacra petaloid, narrow, very elongate, excavated, nearly equal in

length, the posterior pair, however, being sometimes a little longer. Poriferous zones

composed, on the apical portion, of small round pores, which become wider, subtrans-

verse, and united by conjugating furrows as they recede from the apex.

Peristome bilabiate, excentric in front.

Periproct large, oval at the summit of the posterior extremity.

Tubercles of two kinds, one large, scrobiculate, isolated, confined within the

boundary of the peripetalous fasciole, the general tuberculation of the test being

crowded and homogeneous.

Two fascicles : peripetalous and subanal ; the peripetalous fasciole being extensive,

angular, and sinuous ; the subanal annular.

1. Peeipneustes, sp. Plate XXXVI, Figs. 18 & 19.

Two Spatangoid tests, the preservation of which is unfortunately so very unsatis-

factory that even their generic determination is open to doubt, are referred by us to

Peripneustes. They are characterized by the deeply indented anteal sulcus; by the

long, narrow, paired ambulacra, placed in w'ell-defined grooves ; by the large, isolated

primary tubercles confined to the interradia within the boundary of the peripetalous

fasciole ; and by the presence of a subanal fasciole. The poriferous zones in the left

antero-lateral petal run nearly parallel, and the width of the interporiferous area is less

than that of a poriferous zone. The larger primary tubercles within the peripetalous

fasciole have small perforated mamelons, subcorneal bosses, deeply crenulate and large,

circular, slightly sunken scrobicules. The size of the primary tubercles is irregular,

that of the miliary granulation very small and uniform. The peripetalous fasciole is

broad and well marked ; it is sharply angulated in the anterior interradia, and is slightly

incurved from a straight line between the extremities of the antero- and postero-lateral

petals. The subanal fasciole appears to have been very large and probably subreniform

in shape. The anteal sulcus is continued, from the ambitus on the actinal surface, up

to the peristome, as a well-defined and rather narrow trough ; and the posterior ambu-

lacral regions which bound the actinal plastron are very broad and co-jered only with

minute granulation. There is a faint gibbosity on each of the plates of the anterior

interradia above the ambitus, and indications of a tendency towards a similar structure

are discernible in the lateral interradia, but the character is much less developed there

than in the anterior interradia.

As no other observations can be made on the specimens at our disposal, it is

obvious that better material is needed before a specific diagnosis can be formulated.

The two specimens are from different localities, but we believe that both belong to
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the same species; the best-preserved example has been drawn to facilitate future

identification.

Dimensions. Length of the test about 58 millim., breath about 50 millim., height

about 30 millim.

Localities. In the Khirthar series of strata :—i. Dharan pass (east side), near Laki.

Survey-number ™.
ii. Picked up on the east side of the Shiim valley, east of Damaj. Survey-number

G226
86 •

Illustrations of the Species in Plate XXXVI.

Fig. 18. Abactinal view of the test : natural size.

19. Longitudinal profile of the test: natural size.

Genus EUSPATANGUS, Agassiz, 1847.

Test of medium size, elongate, heart-shaped, generally depressed. Anteal sulcus

feebly developed.

Ambulacral summit usually more or less excentric. Apical disk compact ; four

generative plates, with the central madreporiform body produced posteriorly. Odd
anterior ambulacrum different from the others, very insignificant, with small widely

spaced pairs of pores. Paired ambulacra petaloid, usually more or less wide, closed at

the extremity, not excavated. Poriferous zones broad, equal, less than the width of

the interporiferous area, the external series of pores pyriform, the internal round.

Peristome bilabiate, excentric in front.

Periproct at the summit of the posterior extremity.

Tubercles of two kinds—one large, mammillated, perforate, crenulate, in scrobicules,

standing isolate and more or less widely spaced on the anterior and lateral interradia,

within the boundary of the peripetalous fasciole ; the general tuberculation of the test

being small and accompanied by numerous very small miliary granules.

Two fascioles—peripetalous and subanal ; the peripetalous fasciole circumscribing

the ambulacral petals, the subanal more or less cordiform or reniform.

1. EusPATANGUS AVELLANA, d'AvcMac & Haime. Plate XXXVIII, Figs. 8-13.

Brissus? avellana, d'ArcJiiac (1850), Hist, des progres de la Geol. t. iii. p. 251.

Eupatagus? avellana, d'Ardhiac Sf Haime (1853), Besorijp. An.foss. de I'Inde, p. 218, pi. xv, fig. 8 a, b.

The following is the diagnosis of this species given by MM. dArchiac and

Haime:— '

Body oval, elongate, thick ; the four genital pores large and closely placed. Ambu-

lacral plates rather narrow, tolerably well closed, the posterior longest and straight,

the lateral feebly arched in front ; poriferous zones moderately broad, costulate, with

very large pores ; odd ambulacrum very indistinct, and simply indicated in front by a

very slight concavity. Anterior interambulacral areas a little broader than the lateral,

which are themselves a little more than the odd posterior ; all exhibiting large tubercles
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situated in slightly excavated scrobicules, which are interspersed with smaller tubercles

and with unequal granules. All the tubercles cease near the ambitus, where a peripe-

talous fascicle probably existed, but which it has been impossible for us [d'A. & H.'] to

verify. The anus is marginal and rather in the upper part ; the periproct suboval and

a little longer than wide. The under surface of the body is feebly convex and covered

with slightly prominent tubercles, interspersed with small granules, which increase in

size from the margin inwards ; the mouth is situated at the anterior third of the major

diameter. The single example which we \_d'A. & H.'\ have observed measured 16 millim.

in length, and 9 millim. in breadth and height.

The type above referred to is in the collection of the Geological Society of London ;

it is small and much rubbed, and scarcely represents the character of the adult form.

The large series of examples obtained from the Khirthar strata in Sind enable us

to add several observations to the foregoing description. The peripetalous fasciole,

whose presence was inferred by d'Archiac and Haime, is always present, but is fre-

quently untraceable in badly preserved specimens on account of the extreme narrowness

of the band ; it is of wide extent, oval in shape, non-sinuous, encircles the abactinal

surface, passing near to the extremities of the ambulacral petals, and consequently not

far above the ambitus ; in fact, anteriorly, it is actually coincident with the ambitus.

In addition to the peripetalous fasciole there is a remarkably well-defined subanal

fssciole, of which no mention is made by d'Archiac and Haime. The band is broad

and subcordiform in shape, defining a rather tumid and longitudinally subcarinate

subanal plastron, the transverse diameter of which is only a little greater than the

longitudinal. About five pairs of pores are included on either side of the area, and

the associated granulation is very regular in arrangement,—shallow furrows radiating

from each of the pairs of pores towards the centre of the plastron, and the intermediate

spaces being ornamented with a row of primary tubercles, which increase gradually in

size as they recede from the fasciole, the rows being further marked out by a com-

panion row of small uniform miliary granules. This plastron has the appearance of

being divided into two areas by a narrow semicircular naked band, which limits the

rows of tubercles above mentioned ; and the ornamentation within the subcrescentic

area lying between this band and the adoral margin of the fasciole consists of rows of

tubercles radiating towards the anus and diminishing rapidly in size as they approach

the fasciole. In this manner a very ornate character is given to the subanal plastron.

The actinal plastron is very remarkable ; it is subcarinate, and terminates posteriorly

in a sharp and very prominent peak or culminating point, whilst the profile-outline of

the longitudinal keel is incurved between this point and the peristome; the tuber-

culated portion of the plastron is very small in consequence of the wide naked posterior

ambulacra!' areas, and the tubercles diminish in size in its neighbourhood. There is

some depression around the peristome, and the surrounding test has consequently a

rather tumid character.

In large adult tests the odd posterior interradium on the abactinal surface is tumid

and roundly carinate, forming a more or less elevated keel between the posterior pair

of petals, as shown in Figs. 10 & 11 ; but this character is not developed in small tests.
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There is a good deal of variation in the length, and consequently in the marginal contour

of this species, some examples, which are usually young, being much more elongate

than others, which are more regularly oval. There is a single specimen of a wide well-

rounded form (with survey-number
-joo")'

which perhaps shows this in a greater degree

than usual ; we do not, however, see any reason to recognize it as a nominal variety.

Memarks. The general facies of this species is very unlike that of typical Euspa-

tangi, and we can fully appreciate the doubt expressed by d'Archiac and Haime
when referring their single, small, and poorly preserved specimen to that genus. The

character of the tuberculation and the form of the test are in much closer accord with

Macropneustes, and we should have so placed it with very little hesitation, were it not

for the presence of the well-developed subanal fascicle. We cannot dispel the impres-

sion that the differences which at present separate Macropneustes, Euspatangus, and

Pervpneustes are exceedingly artificial ; and although we are by no means prepared to

admit the desirability of uniting all the forms comprised within these three divisions

under one genus, we are far from being satisfied with their present distinction by means

of empirical adherence to a specific formula based on one or two characters only. A
larger series of better-preserved specimens of the various species in each of the groups

named than at present exists, is necessary before the question can be approached with

much pjospect of success.

A form whose general facies bears much resemblance to the Sindian species was

described and figured by de Loriol, under the name of Macropneustes Lefehvrei, in his

Monograph on the Nummulitic Echini from Egypt * ; better-preserved specimens are

again figured and described in his recently published work on the Eocene Echinoidea

from Egypt and the Libyan Desert f . The only bar to the generic alliance of the two

species appears to be the presence of the subanal fascicle. The absence of the subanal

fascicle in M. Lefehvrei is especially remarked upon by M. de Loriol, who also observes

that its presence would place the species in Euspafangus. Euspatangus avellana might

well be taken as the fulfilment of the supposition in point. In the drawing given of

the Lybian example of M. Lefehvrei there appears to be a tantalizing naked band

shown by the artist in op. cit. pi. xi. fig. 2 d, which simulates a fasciole in a remarkable

manner, both in outline and position.

Dimensions.

a. h. e. d. e. f.

millim. millim. miUim. milliin. millim. miUim.

Length of the test . . 38 32 21 21-5 12 11

Breadth of the test . 32-5 27 17 18-5 10-5 10

Height of the test . . 22 19-5 11-6 11-25 8 5-75

G302

Localities. In the Khirthar series of strata :

—

i. Karra range, south of Trak. Survey-number -^^^

ii. Gagar hill, east side of the Surjana range. Survey-number -yj^

* Op. cit. p. 75, pi. ix. figs. 7-9. t Ojp. cit. p. 50, pi. xi. figs. 2, 3.

G302

2l
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iii. Three miles east of Bula-Khan. Survey-number -^^.

iv. Mairi valley, south of Teyon. Survey-number -^qj^.

V. Teyon (or Tiyun), east of Chorla. Survey-number ^^g-.

vi. North of Maliri, sixteen miles south of Jhangara (from shales and marly beds

of upper part of the group). Survey-number -gg^.

vii. Exact locality not known (presented), said to be near Kotri, probably the hills

west of Kotri. Survey-number ^^.
viii. Keuhir-ka-lak (pass), east side of Surjana range. Survey-number -^^

ix. Eight or nine miles south by west of Jangri, and east of the Surjana range.

Survey-number 5^.

X. Twenty-four miles west of Kotri (entering the hills on the road to Bula Khan's

Thana). Survey-number ~.
xi. Dharan pass (east side), near Laki. Survey-number ^^.

xii. West side of the Ganja hills, south of Hyderabad. Survey-number ^^.

xiii. About seven miles north-east of Bula Khan's Thana. Survey-number ^^3-.

xiv. Near the gorge of the Baran river, north-east of Bula Khan. Survey-number
G226
100 •

Illustrations of the Species in Plate XXXVIII.

Fig. 8. Abactinal view of the test : natural size.

9. Actinal view of the test : natural size.

10. Transverse profile of the test, seen from behind: natural size.

11. Longitudinal profile of the test: natural size.

12. The peristome and surrounding portions of the test : magnified.

13. The apical disk, the odd anterior ambulacrum, and the right antero-lateral

petal : magnified.

2. EusPATANGUS coEDiFOEMis, Buncau & Sladm. Plate XXXVIII, Fig. 14.

Test of large size. Marginal contour elongate, heart-shaped, well and widely

indented anteriorly, rather sharply flattened in the anterior interradia, contracting

towards the posterior extremity, which is broadly truncate. The breadth is about nine

tenths of the length, or in the proportion of 0-89 : 1. The abactinal surface is much
depressed and is comparatively flat, excepting a slight tumidity in the interradial areas.

The greatest height, which is equal to about one third of the length, lies near the

posterior extremity of the test, and the slope thence to the anterior extremity is a very

slight decline. The margins are thick and tumid. The actinal surface is more or less

flat or very faintly convex, mainly consequent on the gradual passage into the marginal

rounding.

'J:'he apical disk is excentric in front, but is unfortunately obscured. The odd
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anterior ambulacrum is scarcely discernible ; it is flush with the test near the apex, the

groove being developed only near the margin, and the pores are quite microscopic.

The antero-lateral petals are long and widely divergent, and scarcely so petaloid as

frequent in this genus. Their course has a slightly sigmoid tendency, with a slight

curve forwards at the outer extremity, the flexure of the posterior zone of the petal

being much greater than that of the anterior zone. The postero-lateral petals are

longer than the anterior pair and a shade broader ; they are rather widely divergent

for posterior petals, and have also a slight sigmoid curvature. Excepting at the apical

extremity, where the convergence is great, and the petal is very attenuated, the zones

to a certain extent have the appearance of running parallel to one another, the

posterior zone curving, however, conspicuously towards its companion at the outer

extremity. The poriferous zones are broad in the anterior and posterior petals alike

;

the pores are transversely oval, wide apart, and connected by a conjugating furrow,

and the divisional septa are ornamented with a single line of minute miliary granules.

The interporiferous area is equal in width to the poriferous zone midway between the

extremities, and appears to have been ornamented with a few widely spaced miliary

granules with a rather larger one than the rest opposite each of the divisional septa,

and sometimes two. The areas of the paired ambulacral petals are slightly sunken in

shallow, widely expanded, depressions of the test, which are so wide and shallow that

they are in no sense grooves; and their presence imparts a certain appearance of

tumidity to the interradial areas.

The large primary tubercles within the fascicle on the abactinal surface are rather

numerous, prominent, and on conical bosses ; they are unequal in size, the largest

being near to the margin of the petal, and they do not present the appearance of

definite arrangement very conspicuously ; their mamelons are very small and perforate,

and the crenulation is distinct ; the scrobicules are large, circular, and very slightly

sunken ; and the intervening portions of the plates are occupied with a minute but

definite miliary granulation, amongst which a few very small perforated tubercles are

placed. In the neighbourhood of the margin the perforated tubercles are small,

uniform, regular, and numerous, and their scrobicules are separated only by a single

circlet of very small miliary granules, and even this is sometimes incomplete. On the

actinal surface the primary tubercles are large, and though apparently well spaced,

there were probably very few miliary granules present in consequence of the crowding

and overlapping of the large disk-like scrobicules, one margin of which is more or less

prominent.

Both peristome and periproct unfortunately are destroyed; the position of the

former was very excentric in front, and there appears rather considerable depression

around the anterior margin of the aperture, and especially defined in the three anterior

ambulacral areas.

The peripetalous fascicle is a very narrow band, running close to the outer margin

of the abactinal surface, and only a little above the ambitus on the anterior half of the

test ; in the posterior column of the lateral interradia it gradually leaves the margin

and encroaches more on the abactinal surface, passing close to the extremity of the
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postero-lateral petals. The structure of the fasciole is exceedingly delicate, and its

course is well marked out on either side by series of minute uniform miliary granules.

Although nearly the whole of the posterior extremity is destroyed in our specimen, a

portion still remains of a very large and broad subanal fasciole. It was probably widely

subreniform in shape, and the breadth of the band is much greater than that of the

peripetalous one.

BemarJcs. This species is well distinguished from all its congeners, and cannot be

mistaken for any Euspatangus with which we are acquainted. The long, narrow,

ambulacral petals and the comparatively prominent and shallow-scrobiculed large

primary tubercles are strongly suggestive of features in Macropneustes. The test,

however, is very depressed, the primary tubercles are clearly limited by the peripe-

talous fasciole, and a wide and well-developed subanal fasciole is present,—characters

which in the present state of our knowledge justify us in referring the species to

Huspatangus.

Dimensions. Length of the test 65 millim., breadth 58 millim., height about

21'5 millim.

Locality. In the Khirthar series of strata: Dharan pass (east side), near Laki.

Survey-number ^^.

Illustration of the Species in Plate XXXVIII.

Fig. 14. Abactinal view of the test : natural size.

3. Euspatangus kostratus, d'Archiac. Plate XXXVIII, Figs. 15-18.

We have already remarked upon the type specimens of this species when describing

the fossil Echinoidea of Kachh, and also upon the examples which are found in that

collection.

The following is the diagnosis given by MM. d'Archiac and Haime:

—

Body elongate, suboval ; subbilobed in front, rather attenuated behind, and trun-

cated at the extremity; tolerably depressed, rather thickened behind. Ambulacral

petals tolerably well closed, rather sharp-pointed, moderately broad, and rather long.

Poriferous zones rather narrow, costulate. Anterior ambulacrum only slightly depressed

in front, with indistinct pores. The lateral interradia are broader than the anterior,

and the posterior is narrow and swollen behind; it is smooth like the ambulacra, but

the others are covered with large tubercles unequal in size, and sunken in shallow

scrobicules. The peripetalous fasciole appears to be submarginal.

The periproct is marginal, suboval, and angular above, higher than broad. Inferior

aspect nearly plane, but swollen in front of the anus along the median line.

The peristome is at the anterior two sevenths of the major axis. Good-sized

tubercles are on the lateral interradia.

To this diagnosis we have added (op. cit. p. 48) :—The inner pores of the anterior

poriferous zone of the antero-lateral ambulacra abort ; the madreporic body extends far

back and separates the posterior ocular pores ; the subanal fasciole is distinct ; the

plastron is large and wide; the great tubercles are crenulated slightly.
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We have also stated that in the examples of this species from Kachh no indications

of the peripetalous fasciole were discernible ; in the specimens from the Khirthar series

of strata in Sind we have, however, been more fortunate, and find in several instances

traces of this fasciole ; it is, however, the most feebly developed fasciole we have seen,

and is not more than two or three rows of minute granules in width, and we have in

no case assured ourselves that it is continuous ; the traces observed are entirely on the

abactinal surface, and do not support the supposition of d'Archiac and Haime that

the peripetalous fasciole was submarginal. The few Khirthar specimens are all more

or less badly preserved, and they accord closely with the type of the species.

Dimensions. The largest specimen measures 30 millim. in length and 24 millim. in

breadth ; all are somewhat crushed.

Locality. In the Khirthar series of strata : Karra range, south of Trak. Survey-

number ^.
Illustrations of the Species in Plate XXXVIII.

Fig. 15. Abactinal view of the test: natural size.

16. Actinal view of the test: natural size.

17. Longitudinal profile of the test : natural size.

18. Portion of a lateral ambulacrum to show ornamentation : magnified.

GENUS INDET.

Gen. et sp. INDET. Plate XXXIV, Fig. 17.

There is a fragmentary test of a large Spatangoid in the collection which baffles all

attempts at determination on account of its very bad state of preservation. From the

few guiding features that are observable we are inclined to think that this very unsatis-

factory fossil represents a new genus, the systematic position of which would probably

be under the subsection Brissina. The specimen has been drawn on Plate XXXIV,
Fig. 17, and a reference thereto will give a much better idea of the fossil than any

verbal description. The chief notable point is the character of the ambulacra, all of

which are situated in deep, sharply-defined grooves, those of the paired petals being of

equal breadth throughout, excepting close to the apex, and appearing to extend to the

margin. The antero-lateral petals are nearly horizontal. The odd anterior ambula-

crum is situated in a wider and even deeper groove than the others, which forms at the

ambitus a deep, sharply defined notch. A few pairs of pores at the apical extremity of

some of the poriferous zones may be seen, the inner series of pores are transversely

oval, and the outer series are still more elongate transversely, and with a tendency to

become pyriform ; the pores of a pair are moderately well spaced, and are united by

an indistinct conjugating furrow, and the divisional septa, in this part at least, are not

keeled. The abactinal surface was not very high, but slightly subconically convex,

springing with an arch from probably thin, abruptly rounded, margins,—the actinal

surface being apparently more or less plane. From an indication which remains near

the margin, the ornamentation in that region appears to have consisted of moderate-
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sized primary tubercles on circular disk-like scrobicules, all equal sized, and so closely

placed that only one or two isolated miliary granules are'present here and there.

Unfortunately no further observations are possible on this very interesting fossil,

and under such circumstances we are obviously unable either to formulate a generic

diagnosis, or even to draw any useful comparisons with other known forms of Spa-

tangoids.

The length of the fragment, which is incomplete, measures about 75 millim.

Locality. In the Khirthar series of strata : Eois Hill, near Damaj, south of Bula

Khan. Survey-number '^^.

Illustration of the Specimen in Plate XXXIV.

Fig. 17. Abactinal view of the test: natural size.

IV. Bemarks on the Genera and Species of the Khirthar Series.

Seventy species and varieties (including 3 doubtful forms evidently placed by

mistake in this collection) have been described in the preceding pages.

The number of species of regular Echini is remarkably small, six only, belonging

to five genera, being recorded. One of these, the Temnechinus Bousseaui, appears to us

to have been unquestionably included accidentally, and should consequently be excluded

from the Khirthar fauna ; this leaves five species of regular Echini in the Khirthar

series, representing a numerical proportion of only 7"46 per cent, in relation to the

irregular forms, the latter being 62 in number when the 2 doubtful species are excluded.

This shows a very striking difference when compared with the underlying Eanikot fauna,

in which the proportion of regular forms stands at the high figure of 42-85 per cent.

The predominant form of regular Echini, as far as may be judged from the number

of specimens in the collection, is a species of Micropsis of small habit, having structural

alliances to the M. Mokattanends from Egypt, and of which it is probably the Indian

representative. The form has also much resemblance to Cyphosoma superhum from San

Giovanni Ilarione ; the differences which separate the two species generically being of

the most trivial character.

Of true Cyphosoma there are two well-marked species, one of them being probably

nearly allied to the form erroneously referred by d'Archiac and Haime to the genus

Echinometra, under the name of^. Thomsoni; both are comparatively weakly developed

forms, of the type in consequence of the small size of the tubercles and the simple

ambulacra.

The Cidaris (Leiocidaris) is closely allied to C. Verneuili of the Eanikot series, of

which it is probably the descendant. It is, however, specifically distinct.

The Porocidaris is more nearly related to the recent forms than to P. serrata, which

occurs in the Egyptian and Swiss Nummulitic beds. The pits in the scrobicules are

comparatively feebly developed, and, as in the recent forms, do not perforate the test.

It was suggested by Sir Wyville Thomson that the fact of their doing so in the case
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of P. serrata might probably be owing to wearing and attrition during the process of

fossiliz9,1;ion, an opinion which we are fully disposed to endorse.

The 62 undoubted Khirthar forms of irregular Echini belong to 20 genera. The
presence of Amhlypygus, EcUnolampas, Brissopsis, Metalia, Macropneiistes, and Uuspa-

tangus imparts a strikingly marked and characteristic facies to the fauna.

The genus Conodypeus is represented by four well-marked species, and the only

other gnathostomatous exocycloid Echinoids in the collection are the diminutive genera

Sismondia and Eckinocyamus, the Khirthar species of which exhibit an extraordinary

amount of variability.

The Cassidulidse are present in great force. Oi Amblypygus there are four species,

one of which serves well as the representative of the European A. dilatatus. From the

series of specimens at our disposal we have been enabled to study the structural pecu-

liarities of the genus, and have indicated that its association with the Echinoneince

becomes necessary.

The interesting little forms to which we first gave the name of Eolampas in the

Ranikot series, where they appeared to stand as the forerunners of the genus Echino-

lampas, are represented by a distinct species in the Khirthar strata.

The genus EcMnolampas now becomes a dominant form, and no less than eleven

distinct species and a variety are recorded in the preceding pages. All of these, as a

whole, have a decided and characteristic facies distinguished by the comparatively low

test and the usually narrow and slightly expanded ambulacral petals. One of the

species presents features which show close alliance to E. discoideus, and another has

affinities with the forms of which E. Escheri and E. subcylindricus are the represen-

tatives ; a third is very nearly related to the E. dlensis of the Swiss Nummulitic strata,

and this species shows perhaps a closer alliance to the European form than any other

Khirthar Echinoid. There is also a form, represented only by a single example, which

is very near to E. Jacquemonti, an abundant species in a higher horizon.

Echinanthus is represented by a very unsatisfactory specimen ; but its near ally

Ilarionia occurs plentifully. The Indian species of the latter genus shows considerable

variation in form, and the characters upon which the genus was established are also

somewhat modified.

The single species of Cassidulus is distinct from, but representative of, the species

in the Ranikot series.

Hhynchopygus is a common form in the Khirthar strata, and its two species here

take the place of Eurhodia, which is characteristic of the Ranikot beds. The small

species B. pygmceus, which was noticed in the description of the Ranikot Echini, was

probably included in that collection by mistake; and the evidence upon which this

assumption is based will be referred to presently. The species is numerously repre-

sented in the Khirthar series.

One of the most interesting forms in the collection has been referred by us to the

genus Micraster, although its form is more or less abnormal in comparison with the

general character of that group, the test being high, tumid, subglobose, and very

slightly indented by the anteal sulcus ; its structural details, however, appear, as far as
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we have been able to study them from the material at our disposal, to accord with the

formula of Micraster in such a manner as to warrant the inclusion of the Khirthar

specimens in that genus. There is no form at present known to us in the underlying

Tertiary beds in Sind which represents this interesting species, or serves to connect it

with Cretaceous forms.

Ilemiaster is well represented in the Khirthar series ; the most numerous species,

however, being the dwarf or pony-like form H. digonus, which is very abundant in the

white limestone.. Seven species of this genus occur in the collection ; but of these, three

are in such a bad state of preservation as to preclude any specific diagnosis being given.

Further material is consequently necessary before a satisfactory estimate of this genus

in the Khirthar series can be furnished.

Brissopsis is represented by a well-marked, characteristic, and moderately abundant

species, the nearest alliances of the form lying perhaps in the direction of B. Jimenoi,

described by Cotteau from the Miocene of Cuba.

The genus Metalia is an eminently characteristic and abundant Khirthar form,

six species and a variety being defined in the preceding pages. Some of the species

were obtained from a great number of localities, and considerable variation in form

is noticed.

The single species of Idnthia is a very handsome and well-marked form. On the

other hand, the genus Schizaster is poorly represented ; and, although four species are

observed, the individuals are small in number and badly preserved; furthermore, with

the exception of *S'. haluchistanensis, the forms here referred to the genus very feebly

present the normal Schizaster facies.

An interesting example of Brissqpatagus occurs in the collection, which exhibits

all the characters of the genus, but diff'ers considerably from the other known species

of this singular form.

Macropneustes is represented by two species, which to a certain extent have a

peculiar Euspatangoid facies, and one of these was found in several localities.

Of Euspatangus three species occur in the Khirthar series, and, with the exception

of E. rostratus, which also occurs in higher measures, these forms, strange to say,

present a striking Macropneustoid facies ; the commonest species, which is also one of

the most abundant forms in the collection, E. avellana, resembles very closely in general

character Macropneustes Lefehvrei, de Loriol, from the Nummulitic strata of Egypt, of

which we consider it to be the representative in the Sindian area, notwithstanding the

questionable generic differences.

Three forms, represented only by single fragmentary examples, have evidently,

from the character of their matrix and fossilization, been included by accident in the

Khirthar collection ; these are Temnechinus Bousseaui, Breynia cariTiata, and Moira

primceva. The two former have already been noticed by us from the Miocene strata of

Kachh and Kattywar ; and they also occur in corresponding beds in Sind. The Moira

appears to be a distinct species from the common Miocene form of Kachh, and it is

unfortunate that the true locality of this example is unknown.

Mention should here be made of four characteristic Khirthar forms which were
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included in the collection of Echinoidea from the Ranikot series of Sind, and referred

to in Part II. of this work. The evidence respecting the examples in question is very

strong against their belonging to the B,anikot series at all, and until further confirma-

tion is forthcoming we do not feel justified in counting them as members of that fauna

»

or in basing such generalizations upon their presence as their recognition as Ranikot

species would obviously demand. The forms referred to are Bhynchopygus Calderi,

Bhynchopygus pygmceus, Hemiaster digonus, and Metalia Sowerhyi ; and the following

facts respecting them are very significant. In each case the forms were represented

only by solitary and very badly preserved specimens, excepting M. pygmceus, of which

there were two or three. All the examples of these four species in the Ranikot collec-

tion were from one locality, viz. N.E. of Petiani. On referring to the memoir on the

Geology of Western Sind by Mr. W. T. Blanford, F.R.S. *, we find it mentioned that

two outliers occur north-east of Petiani, the age of which is not clearly determined

;

and the resemblance of the rock, in one of them at least, to a sandstone occurring at

Jungshahi, age also not clearly determined, is remarked on [op. cit. p. 14.6).

In reference to this question, it is of interest to note incidentally that two of the

four species above cited have been found at Jungshahi, in strata of the Khirthar series,

at the localities numbered by the Surveyors ^^ and ^^.
If it were the case that the doubtful specimens under notice were obtained from

the outliers mentioned by Mr. Blanford, it might be inferred, on the palseontological

evidence, that the outliers were of Khirthar age ; and in the event of these specimens

having been picked up on the surface, which would appear very probable from their

weathered condition, we are still of opinion that they were derived from Khirthar

beds f.

From the foregoing summary it will be seen that not a single species is common to

the Khirthar and Ranikot strata, if the doubtful forms above referred to are excluded

from the list.

Attention has already been drawn to the specialized and well-marked character of

the Khirthar fauna as compared with that of the Ranikot ; and this becomes still more

patent and conspicuous when the lists of genera contained in the respective measures

are placed side by side. Excluding the doubtful forms previously mentioned, the

Ranikot fauna comprises 24 genera of Echini and that of the Khirthar 25 genera ; of

these only 9 genera are common to the two series of strata. It will thus be seen that

the Khirthar fauna is a remarkably isolated assemblage of forms in relation to the

underlying fauna of its own area.

* Mem. Geol. Sarv. India, vol. xvii.

t Mr. Blanford, with, -whom we have corresponded on the subject, is fully disposed to concur in this latter

supposition. He also informs us that at a locality about 20 miles further south he was enabled to draw a

line at the base of the Khirthar beds, and to separate them from the Eanikot, on account of the presence of

RTvynchopygus Calderi in the former—a species which, in his experience, is characteristic of a zone at the base

of the Khirthar. In the locality mentioned the two groups could only be distinguished by fossils, the mineral

character being similar. If, as is probable, there is the same similarity north-east of Petiani, it can easily be

imagined that fossils might have been obtained from supposed Eanikot beds, which were really of Khirthar age.

2k
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The Khirthar fauna, when viewed with respect to its homotaxial relations, is not

less remarkable. The Nummulitic horizon of Egypt and Lybia, with which comparison

may most suitably be instituted, presents an Echinifauna of 61 species, described by

de Loriol; and of these none are common to the two areas. The generic constitution

of the faunae, however, shows an unmistakable homotaxial relationship, as out of

22 genera represented in the Egypto-Lybian area (compared with 25 genera in the

Khirthar series of Sind), 16 genera are found to be in common.

A similar generic affinity will be found to exist when the Khirthar Echini are

compared with those of the different European Nummulitic areas; but in no instance

can a case of specific identity be established.

The forms which may be considered as representatives of species occurring in the

various Nummulitic areas of Europe have been indicated in the preceding pages.

V. Note on doubtful Khirthar Species.

We again draw attention, for the sake of caution, to the three forms included in

the present collection, but which we do not consider to belong to the Khirthar horizon.

These are :

—

Temnechinus Bousseaui, d'Archiac, sp.

Moira primceva, Duncan & Sladen.

Breynia carinata, d'Archiac & Haime.

In each case the species is represented only by a single, badly preserved, fragmen-

tary example, and the matrix is altogether different from that of the other Echinoids

from the Khirthar series of strata. There seems little doubt that these specimens have

been included in this collection by mistake, and were probably marked by accident as

coming from the localities to which they are respectively assigned.
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Fasciculus 4.—THE NAEI SERIES (OLIGOCENE).

Plates XXXIX.-XLIII.

I. Introductory Remarks on the Nari Series.

The geographical and geological position of the Nari series has been described on a

former page* of this description of the Tertiary Fossil Echinoidea of Sind, and the

details of the succession of its strata also. It appears that this thick series is to be

divided into an upper and lower group, the first attaining the great thickness of 4000

to 6000 feet, and the latter from 100 feet to 1500 feet. The lower group, which is

fossiliferous and contains the Corals already described f, rests conformably on the

underlying Khirthar series. Its very fossiliferous strata are not more than 100 feet

thick ; and there is a clear biological break, for Nummulites begin to be scarce in

species and Orbitoides come in.

The Upper Nari series is unconformable to the lower, and whilst in some areas

there are marine fossils indicated by the presence of Orbitoides papyracea, in others

there are sandstones which have only yielded plants.

The commonest Nummulite is Nummulites Garansensis ; and the most important

Corals common to the Nari and the European equivalent strata are :

—

Trochocyathus

cyclolitoides, Ed. & H., of Rosazzo in Friuli, and S. Giovanni Ilarione; Stylophora

* Pasciculus 1, p. 4.

t Duncan, Pal. Ind. Ser. XIT., Fossil Corals of Sind. See also Medlicott and Blanford, 'Geology of

India/ vol. ii. p. 459.
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pulcherrima, d'Achiardi, from Friuli ; Trochosmilia varicosa, Eeuss, from Crosara ; and

Styloccenia taurinensis, Ed. & H., and Cycloseris Perizi, Ed. & H., from the same, or a

slightly higher horizon in the instance of the Stylocoenioe. On the whole, the Coral-fauna

was littoral and stunted.

It was the belief of the distinguished authors of the ' Geology of India ' that the

Nari group was, palseontologically as well as stratigraphically, in a position intermediate

between the Khirthar and the Gaj groups. The results of our work in the palaeon-

tology of the Corals and the Echinoidea quite confirm this view ; but it is necessary to

modify some of the statements made in the ' Geology of India ' regarding the vertical

range of some of the species mentioned therein. The following is the resume given by

Messrs. Medlicott and Blanford, op. cit. p. 462:—"Although some species pass

from the Khirthar, and even from the Ranikot group, into the Nari beds, the fauna is

chiefly distinct and marks a higher horizon. The most marked change is perhaps in

the Foraminifera, because they are so abundant and characteristic: whole beds of

limestone towards the base of the Nari group being entirely made up of Nummulites

Garansensis, N. suhlcBvigata, and Orbitoides papyracea, the last-named frequently of

large size, some specimens being two to three inches in diameter ; yet every species is

distinct from those occurring in the Khirthar group. One of the species of Nummu-
lites, N. Garansensis, is of importance, because it appears in Europe, as in Sind, in the

highest strata characterized by the abundance of the genus, those beds being at the

base of the Miocene. N. suhlcevigata is peculiar, so far as is known, to India. Several

of the MoUusca and Echinodermata of the Nari beds also—such as Siliquaria Granti,

Solarium affine, Yenus granosa, and Clypeaster profundus—show distinctly Miocene

affinities, and some of these pass up into the Gaj group. But at the same time there

are so many Eocene forms present, such as Natica patula, N. sigaretina, Ostrea fiahel-

lula, Voluta jugosa, &c., that it is somewhat difficult to decide to which subdivision the

Nari beds should be assigned. They may perhaps occupy an intermediate position,

similar to that of the Oligocene of continental geologists."

We find that the Echinoidea of the Nari group are very characteristic, and that

only one reliable species of the collection sent to us passes up into the Gaj group, viz.

Schizaster Granti, nobis, which is the common Schizaster of the Miocene of Kachh and

Kattywar, and which can be readily mistaken for S. Baluchistanensis, d'Arch. & Haime.

This last-mentioned Schizaster is not found in the Nari beds. Euspatangus rostratus,

d'Arch., is common in the Khirthar group aind in the Nari beds, but the Clypeasters of

the Nari group are peculiar.

There is a mutilated specimen of a variety of Ccelopleurus Forbesi, d'Arch. & Haime,
in the Nari collection ; and if it is really a Nari form, which is a matter of doubt, this

species must be included in the Nari fauna. But in Kachh it is only found in the Miocene.

The existence of an Oligocene series in Sind is as well established as it is in Kachh.
Of the Echinoidea mentioned in the Survey of Sind as characteristic of the Nari

group, only one really is so. The forms which were collected should come under

other names ; for those given to them arose from conscientious attempts to .identify

specimens with the descriptions of MM. d'Archiac and Haime.
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II. List of the Fossil JEchinoidea from the Nari Series.

Order ECHINOIDEA ENDOCYCLICA.

Family CIBABID^.

Genus Cidaeis, Klein, 1734.

Cidaris sp. : p. 250.

Family ARBAGIAD^.

Genus Ccelopleuetjs, Agassiz, 1840.

Coelopleurus equis, Agassiz: p. 251.

(syn. coronalis, Klein.)

Pratti, d'Archiae Sf Haime : p. 254.

Forbesi, d'Archiae ^ Haime f: p. 256.

Order ECHINOIDEA EXOCTCLICA.

Suborder GNATHOSTOMATA.

Family CLYPKASTRIDM

Subfamily EtrcLTPEASTEiif^.

Genus Cltpeastee, Lamarck, 1801.

Clypeaster simplex, Duncan Sf Sladen ; p. 257.

monticulifera, Duncan ^ Sladen : p. 258.

sp. : p. 257.

Suborder ATELOSTOMATA.

Family CASSIDULID^.

Subfamily Echinolampin^.

Genus EcHiNOLAMPAS, Gray, 1825.

Echinolampas diffioilis, Duncan Sf Sladen : p. 258.

d'Archiaci, Duncan S{ Sladen : p. 259.

Eadakensis, Duncan Sf Sladen : p. 260.

discoideus, d'Archiae : p. 261.

, var. a, Duncan Sf Sladen : p. 262.

, var. /3, Duncan S^ Sladen : p. 263.

, var. y, Duncan Sf Sladen : p. 263.

placenta, Duncan Sf Sladen : p. 264.

tumida, Duncan dr Sladen : p. 265.

, var., Duncan S( Sladen : p. 267.

Family SPATANGID^.

Genus EusPATAN'STrs, Agassiz, 1847.

Euspatangus rostratus, d'Archiae : p. 267.

Genus Schizasteb, Agassiz, 1836.

Schizaster Granti, Duncan Sf Sladen : p. 268.

2l2
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List of the Species of Fossil Echinoidea from the Nari Series {Oligocene).

1. Cidaris, sp. : p. 250.

2. Ccelopleurus equis, Agassiz : p. 251.

3. Pratti, d'Archiac if Haime : p. 254.

4. Forbesi, d'Archiac Sf Haime : p. 256.

5. Clypeaster simplex, DuMan ^ Sladen : p. 257.

6. monticulifera, Duncan ^ Sladen : p. 258.

7. sp. : p. 257. ^

8. Eohinolampas difflcilis, Duncan if Sladen : p. 258.

9. d'Archiaoi, Duncan S; Sladen : p. 259.

10. Radakensis, Duncan Sf Sladen : p. 260.

11. discoideus, d'Archiac: p. 261.

12. , var. a, Duncan ^ Sladen : p. 262.

13. , var. /3, Duncan &; Sladen : p. 263.

14. , var. y, Duncan ^ Sladen : p. 263.

15. placenta, Duncan ^ Sladen : p. 264.

16. tumida, Duncan Sf Sladen: p. 265.

17. , var., Duncq,n ^ Sladen : p. 267.

18. Euspatangus rostratus, d'Archiac : p. 267.

19. Schizaster Granti, Ihmean if Sladen : p. 268.

Total species and varieties, 19.

III. Descriptions of the Species.

Order ECHINOIDEA ENDOCYCLICA.

Family CIBAJRIJD^.

Genus CIDAEIS, Klein, 1734.

1. CiDAKis, sp. Plate XXXIX, Figs. 1 & 2.

There are three very indifferent specimens of a Cidaris in the collection from the

Nari beds ; they are, however, better preserved than the specimens from which

MM. d'Archiac and Haime determined their Cidaris Verneuili. This last-mentioned

species has given us great trouble, for the description of it is not satisfactory. It

was founded upon very imperfect specimens, and the special characters of the form

turn out not to be very well defined. The specimens of a Cidaris in the collection

now under consideration present some of the characters of C. Verneuili, but careful

examination proves that the species are distinct.

The shape of the Nari specimens is rather low, flat above and below, and rounded at

the sides. The median area of the interambulacra is large, broad, and marked with

long furrows which reach from the scrobicular margin of the great tubercles to the

median sutural line. There is a raised and narrow surface between each pair of

grooves which is marked with distant and very visible miliaries, in one row. There is
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often great irregularity in the direction of the furrows, and they then stretch across

the median line and appear to merge into those of the opposite plate. The small
tubercles around the scrobicular margin are distant, and have their mamelon elongate
in shape and low. On the ambulacral side of the scrobicular margin there is con-
siderable space, and it is occupied by furrows and ridges similar to those of the opposite
side, but they are shorter ; they are longer, however, than in C. Vermuili. The coronal

plates are much broader than high, and they are separated from those above and below
by a decided sutural furrow and by the small tubercles of the scrobicular margin.
Moreover the scrobicular spaces of the great tubercles are just separated by the
furrow and the thin line of small tubercles. There are ten or thirteen pairs of
pores in relation to each coronal plate, and the ridges and furrows come close to

them from the scrobicules. Some of the pairs are conjugate, others are not. It

appears that there is a minute miliary granulation upon the interporiferous zones, and
that it is carried on to the structure between the pores.

The dimensions of the specimens is about—breadth 62 millim., height 32 millim.?

Locality. Nari series, Oligocene of Sind. Hindi Hill; Trak Hill. Survey-

numbers G ^6^7^, G ^8-1--

lUustrations of the Species in Plate XXXIX.

Fig. 1. Side view of the test.

2. A coronal plate and part of an ambulacrum : magnified.

Family ABBACIABM.

Genus CGELOPLEURUS, Agassiz, 1840.

Small Urchins more or less depressed, sometimes a little elongate ; with a thin

test and simple pores. Tubercles neither crenulate nor perforate. Peristome small

and slightly incised. Larger interambulacral tubercles disappear before reaching the

abactinal surface, only secondary .tubercles reaching the apex in some species, so that

the interradia, above, resemble smooth bands which are often highly ornamented. The

ambulacra project and have two rows of tubercles.

1. CffiLOPLEURUS EQUis, Agassiz. Plate XXXIX, Figs. 3-8.

D'Archiac and Haime [op.cit.-^. 198) describe Coelopleurus coronalis, 'KXem,

from the French Nummulitic, as a species found in the " Chaine d'Hala." This species

has the synonyms of C. equis, Agass. [Catal. Syst. p. 12), and C. nitidus, Konig, sp.,

and is characterized by the presence of a single row of secondary tubercles smaller

than the primaries extending along the flanks of the poriferous zone of the ambulacra

from the apex to the peristome ; they are small abactinally, and increase in size at the

ambitus. The ambulacra project considerably.
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Unfortunately d'Archiac and Haime described this species from a very imperfect

specimen, and necessarily limited the number of smaller tubercles in relation to the

large primaries of the interradia. They state there are seven large tubercles in each

vertical series flanked externally by a row of five smaller, some unequal granulations

intervening between them.

Desor gives a figure of this species (Synopsis des Echinides Fossiles, plate xvi,

figs. 4-6). The specific distinctions are clearly given :—1. The pentagonal and depressed

shape of the test. 2. The protuberance of the ambulacra. 3. Well-developed tubercles

;

primaries in the interporiferous area up to the beginning of the ambulacrum. 4.

Actinally, a distinct row of secondary tubercles, large in size, between the rows of the

primaries of the interradia and the poriferous zone of the ambulacra. This row

extends in a single vertical series of secondary tubercles to the ambitus, and there is

a smaller, but equally linear series, reaching to the abactinal system. 5. Primary

tubercles in the interradium above the ambitus, two or they may be three in number,

small, and not extending on the wide bare median space.

There are two types of this species in the Nari series. One is as depressed as

Desor's type, and the other is a little higher. The vertical row of secondaries, much

smaller than the interradial primaries, and of about the size of the small ambulacral

primaries near the radial (ocular) plates, is very distinct and characteristic.

The apical system is large and the anal rim projects upwards slightly ; there are

five or six large miliaries in a row on the madreporite at the rim-edge, and about three

to five on each of the other basal (generative) plates, either in a curve or straight line.

A knob larger than these miliaries is on each basal plate. The basals (generative plates)

are large and unequal ; the madreporite is much the largest, and that of the inter-

radium No. 1 (Love n) is a little smaller, and the others are decidedly smaller. They

have a blunt angular process ad orally ; and in one specimen the generative pores, large

and open, are near the outer margin of most of the plates, but they are central in another.

The radial (optic) plates are sunken, not very large, and have the outer or actinal

margin with a reentering curve. On the plates are miliaries and ridges, in an arch

which completes, as it were, the ambulacral petal, and also a row of granules. There

is a central projection on the adoral edge which separates the optic foramen into two,

which are hidden. The anal opening is large and oblique, its long axis passing through

interradium 3 and ambulacrum I. (Loven).

There are twenty-two primary tubercles in each ambulacrum, and they increase in

size from the peristome to the ambitus, and diminish to the abactinal end. The
smallest tubercle is close to the radial (optic) plate. The ambulacra are very prominent

above the ambitus, but are not more projecting than the interradia, when the test is seen

from the actinal surface. The narrowness of the ambulacra is evident, and the tubercles

are close ; there is an incomplete row of large miliaries along the median suture, and

large shallow pits are at the sutural angles in the median line near the peristome. The

peristomial cuts are small ; and the width of the peristomial end of the ambulacra is

equal to that of the interradia in that position.

The pairs of pores of the ambulacra are in slightly curved triplets, from close to
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the apical system downwards, and at the ambitus the inner pore of each pair is within

the line of the circumference of the base of the tubercle close by. The lower pair

of the triplet is at the lower edge of the tubercle, and a little more towards the median

line than the others.

In well-preserved specimens there is on every plate which carries a large primary, a

smaller tubercle, and it is placed (Plate XXXIX, Fig. 6) near the adoral and outer edge.

Above the ambitus, where the larger tubercles cease, the secondary persists on each

plate and occupies the same; relative position as elsewhere (Fig. 5).

The interradial tubercles diminish in size above and below the ambitus, and there

are two visible from above. The greater part of the median surface above the tubercle-

bearing plates is plain. There are zigzag lines, and there is an ornamentation on each

plate, which, starting from the vertical miliary and tuberculate edge on the outer

third, forms angular ridges and grooves which impinge on the median sutural lines,

and unite these with those of the opposed plates (Fig. 5). The ornamentation of the

outer third of the plate consists of a narrow raised vertical ridge of elongate granules

;

beyond this is a vertical row of distant small secondaries, one tubercle being placed

on the lower and outer angle of each plate. Between these secondaries are a few

large miliaries, sometimes in rows of threes or fours. It is this row of small tubercles

which characterizes the species. Usually there is but one small tubercle on each plate,

but towards the ambitus there may be two, but this is not universal. There is more

miliary tuberculation between the tubercles at the ambitus and lower down for a short

space than elsewhere. All the primary and secondary tubercles have a broad base,

no sunken scrobicule, and a small projecting mamelon. The lowest of the vertical

row of secondaries is small, and it is turned slightly out of its line by the existence of a

long angular tag or continuation of the peristomial cut. Each tag extends up the

ambulacrum as high as the third set of triplets, and is marked by some of the sutures

of the poriferous plates. Between the primaries of the interradia there is a small row

of miliaries ; it extends along the median and partly transverse sutural lines.

Dimensions. Height IG millim., length 27 millim.

Locality. Nari series, Oligocene of Sind. West side of Bhagothoro Hill, south of

Sehwan. Survey-number G-^^.

Illustrations of the Species in Plate XXXIX.

Fig. 3. The test, abactinal view.

4. The side view.

5. Interradial plates, lower part of 4th and the whole of the 5th

from the apex : magnified.

6. Interradial plate at ambitus : magnified.

7. The triplets of pores and an ambulacral tubercle, actin3,l surface.

8. The apical disk: magnified.
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2. CffiLOPLEUEUS Pratti, d'ArcMac & Haime. Plate XXXIX, Figs. 9-12,

Tlie following is the diagnosis of MM. d'Archiac and Haime {op. cit. p. 199) :

—

The test is subcircular and moderately high and rather convex above ; periproct rather

small, and the generative pores large and opening in the middle of the genital plates,

which are rather longer than broad, and slightly angular externally. Ambulacral areas

three fourths the breadth of the interradia. Pores in rather close pairs, which form in

the actinal half short series of slightly inclined triplets. The pores are large, circular,

those, of the same pair nearly horizontal, separated by a broader space abactinally than

actinally. Twelve ambulacral plates for each vertical series, almost as high as broad,

and pierced by three pairs of pores ; their internal two thirds are occupied by a large

projecting primary, and there are fine granulations on the sutural lines. The interradia

consist of twelve plates, which are usually twice as high as broad. They have a vertical

line which is granular and projecting, which limits the abactinal smooth median area,

and which actinally divides the plates in half; the internal part there is covered

with a large tubercle, and the outer with a moderately large tubercle and a smaller one

external to it. All the tubercles are imperforate and non-crenulate, and stand on a

thin base. The long diameter is 32 millim., and the short 2 millim. less. Height

19 millim., peristome 12 millim., periproct 3 millim.

Only one, much altered specimen, was seen by MM. d'Archiac and Haime; but

the examination of the specimens from the Nari series indicates that their diagnosis is

correct in the main.

The following observations are recorded as the results of our study of the numerous

specimens forwarded from India. They are taken in the order of the diagnosis given

above :

—

1. The shape is circular in outline actinally, but the projection of the ambulacra

abactinally gives a pentagonal appearance which becomes less with age and size. The

convexity above is well seen along the ambulacra.

2. The apical system is large. The periproct is oblique, its longest axis being

in the direction of a line traversing ambulacrum No. 1 and interradium No. 3

(Loven) ; it is rather large in relation to the diameter of the test. The basal (gene-

rative) plates are not quite equal in size, the madreporite being the largest ; their

outer edge is a blunt angle (about a right angle), and it projects decidedly into the

interradium. The madreporite fprms a sharper angle. The aboral edges of the

plates form a raised ring around the periproct, and it carries a close row of

large miliaries. Each plate has a prominent tubercle on it, and just external to

it is the generative pore, which is large, a little external to central. The pore

of the madreporite is nearer the margin of the plate. The radial (optic) plates

are large; their inner or apical part is formed by two curved edges joining at a

very open angle ; their sides also curved, concavity outwards, slope, but so as to

make the curved (concavity actinally) adoral edge broad; this broad curve has a

minute central projection, and under it is the double optic pore. In some specimens

the double foramen is visible a little way from the adoral edge on the surface of the

plate. It is in a curved depression. The distance from the periproct-edge to the
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actinal margin of the radial plate is nearly equal to that from the margin to the angle

of a basal plate. The ornamentation of the plates consists, besides the miliaries

already noticed, of others which are on either side of the tubercle on the basals, and a

group on the radial plates. Eidges pass from the great tubercle outwards and down-

wards, cross the basal plate, and reach the radial and pursue the same direction.

3. The width of the ambulacra is not much more than one half of that of the

interradia at the ambitus, and this is very characteristic. The tubercles reach up nearly

to the radial (optic) plate.

4. The pores are large and circular, and the pairs very distinct ; the poriferous

zones form a wide angle at the radial plate.

5. In large specimens there are 26 tubercles on the interporiferous area, with

three pairs of pores to the 13 large tubercles on either side of the median line; the

intrusion of the pores into the scrobicular circle is common to this and other species

(Fig. 10). The lower pair of pores of the triplet is nearer the median line than the

others ; and in well-preserved specimens the pairs are separated by a surface on which

there is a row of three small miliaries ; the pores are non-conjugate. The arrange-

ment of the ambulacral plates is as in all Ccelopleuri. The large tubercle has a sutural

line which passes on to and up it close to the mamelon from the upper pair of pores
;

it then suddenly turns abactinally, and reaches the abactinal edge of the plate. A
corresponding line passes from the middle pair on to the tubercle ; it does not touch

the other, however, but curves actinally to reach the actinal edge of the plate. Hence

a space exists between these two sutural lines, and comprehends the space between the

middle pair and the upper pair of pores, the mamelon on the top of the tubercle,

and all the plate towards the median line. There are thus three plates to each tubercle-

bearing plate—one abactinal, small ; one actinal, nearly of the same size and shape : and

one between these, narrow at the top of the tubercle but comprehending the mass of

the plate. The small plates are demi-plates and do not reach the median line, but the

middle plate is great and does so. The third pair of pores has its adoral pore on the

actinal line of suture of the lower small plate. (Fig. 12, and see Fig. 7 : these

drawings are semi-diagrams.) The imperfect union of the sutures shows that plates

1 and 3 are intercalated on the large plate 2 of the triple combination. Near the

peristome the pairs of pores become small and more oblique.

The peristomial cuts are visible and small : a tag passes abactinally close to the

poriferous zone, which is long and narrow, and is crossed actinally by ridges and

grooves.

6. The median line of the ambulacrum, narrow in the extreme from the size of the

bases of the bosses, has a row of miliaries on it, but actinally at the angles of the

sutures in the median line there are fossettes, which vary in size and depth, and may

not be present.

7. The interradia, bare abactinally to the sixth plate from the generative plate,

are slightjy concave there on the median line, and this part is bounded laterally by a

rather broad edge which carries a vertical row of secondaries separated by miliaries,

which also are seen beyond and near the pores of the ambulacra. At about the fifth

2 u
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plate the vertical row of secondaries has a second one between it and the pores. The

obliquity of the direction of the three secondaries explains the singularly oblique shape

of the coronal plates (Fig. 12, in which the outlines of the plates are shown without these

secondary tubercles). At the ambitus these vertical secondaries are in three rows.

Each row is oblique ; the largest secondary, very much smaller, however, than the

primary, is close to it, and the other two form a close line near the actinal and outer

edge of the plate. The^e may be only two secondaries, but in large forms there are

three at the side of the largest primaries. More actinally there are only two, and

near the radial plate only one. Above the oblique, line of secondaries is a crowd of

miliaries at the ambitus, and this diminishes actinally. In the median line, from the

ambitus adorally, there are two rows of miliaries with an occasional third, and the

miliaries pass along the horizontal sutures as well here and there. Above the ambitus

the ornamentation is of large open zigzag grooves.

There is no doubt that Ccelopleurus Pratti is distinct from Ccelopleurus equis ; and

that the numerous secondary tubercles on the outer part of the interradial plates, with

the miliaries above and below them and in the median line also below the ambitus,

distinguish this species from C. equis. The narrow ambulacra are very distinguishing.

But when Ccelopleurus Forbesi, d'Arch., of the' Miocene, is compared with C. Pratti

all sorts of difficulties arise, and principally because, like many of MM. d'Archiac and

Haime's species, it is founded on a solitary specimen which we should pass by as

unvporthy of notice. This species will be considered in dealing with the Gaj Echini

in the next Fasciculus, and it is only necessary to remark that a worn and very probably

derived specimen is in the Nari collection.

Dimensions. Height 15, breadth 27 millim. ; height 17, breadth 31 millim.

Others measure : height 17 millim., breadth 34 millim. ; height 13 millim., breadth

26"5 millim. These are more depressed than the type of d'Archiac and Haime.

Localities. Nari or Oligocene series of Sind. West side of Bhagothoro Hill,

south of Sehwan. Hindi Hill. Survey-numbers G -,-6-, G 302
67 •

Illustrations of the Species in Plate XXXIX.

Fig. 9. The abactinal view of the test.

10. The ambulacral and interradial areas at the ambitus : magnified.

11. Apical system : magnified.

12. Semi-diagram of the oblique interradial plates and of the direction of

the ambulacral sutural lines : magnified.
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Order ECHINOIDEA EXOCYCLICA.
Suborder GNATHOSTOMATA.

Family CLTPUASTBIDJE.

Subfamily EUCLYPEASTRIN.S.

Genus CLYPEASTER, LamarcJc, 1801.

1. Cltpeaster simplex, Duncan & Sladen. Plate XL, Figs. 1 & 2.

The test is pentagonal in outline, with the posterior angles truncated and the

anterior angle rather acute ; the lines of the sides are slightly inclined to the posterior

angle, and the posterior edge is nearly straight and rather narrow.

The length is greater than the breadth, and the test is depressed, rising gradually

from the rather sharp margins to the apex. Actinally there is considerable concavity,

and the ambulacral lines there are well marked. Peristome not visible. Periproct

small and near the edge. The petals are broad and long, hardly tumid, and rather

tend to close. They are equal in length and extreme breadth inter se, and the only

distinction is that the anterior is perhaps -5 millim. the longest ; their shape does not

differ, and none are swollen.

The poriferous zones are broadest in the outer third, and diminish rather rapidly
;

they tend to close, and the left anterior (zone b) overlaps slightly the right one (zone a).

The closing is not perfect in any one. The outer pores are the largest, and are more

elliptical than those of the inner row.

Dimensions. Length 64-5 millim., breadth 59 millim., height 15 millim.

Locality. Nari series (Oligocene). Baran-River section, eight miles below Tong.

Survey-number G ^--

Illustrations of the Species in Plate XL.

Fig. 1. The test, from above.

2. Longitudinal outline of test.

2. Cltfeastee, sp. Plate XXXIX, Figs. 13 & 14.

Some small specimens of Clypeaster of the Clypeaster-depressus, Sowerby, type, but

differing somewhat from that species, are in the collection. They are not suflBciently

preserved to describe fully, and therefore we have drawn what can be seen.

Localities. Nari (Oligocene). Baran-River section, eight miles below Tong, and

from a high bed : and Trak, seventeen miles south of Bula Khan. Survey-numbers

G2 2.5. a. 2. 8. 0.
"6 2 5'^ 54 •

Illustrations of the Species in Plate XXXIX.

Fig. 13. A specimen, abactinal view.

14. The same, from the actinal surface,

2m2
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3. Cltpeaster monticulifera, Duncan & Sladen. Plate XL, Figs. 3 & 4.

A Clypeaster, elliptical in shape, with a decided boss in the position of the apical

system, and subequal widely open ambulacra, and a concave actinal surface.

Locality. Nari series. West side of Bhagothoro Hill, south of Sehwan. Survey-

number G ^7^.

Illustrations of the Species in Plate XL.

Fig. 3. The test, from above.

4. Longitudinal outline.

Suborder ATELOSTOMATA.

Family CASSIBULIDJE.

Subfamily ECHINOLAMPINM.

Genus ECHINOLAMPAS, Gray, 1826.

The Nari series contains many species of this genus, and some are small and others

are large forms. Although depressed in height, these last cover in some instances a

greater area than any hitherto known forms.

1. EcHiNOLAMPAS DiFFiciLis, Duncan & Sladen. Plate XL, Figs. 5-7.

The test is irregularly oval in outline, rounded in front, broader behind the

antero-lateral ambulacra than in front of them, broadest at about two thirds of the

length from the posterior zone of the antero-lateral ambulacra to the anterior zone of the

posterior ambulacra, and it narrows thence to the median line behind, being slightly

nipped-in. The margins are rounded, tumid in front and at the sides, and become

thinner at the posterior ambulacra and behind.

The test is rather low, has its highest point nearly central, and slopes gradually

and very nearly equally to the front and backwards.

The apical system is slightly excentric in front, about one fifth of the whole length
;

it is on the anterior slope of the test. The disk is large, the pores of the anterior

basals (generative pair) are closer together than the posterior, and the madreporic

body is broad behind.

The petals are rather blunt at the apex, are long, with slightly sunken poriferous

zones and faintly tumid interporiferous areas. They show very slight indications of

closing, and are unequal in size.

The anterior ambulacrum, the shortest and slightly the narrowest, is lanceolate in

outline, and the poriferous zones keep widely open to the end. The right zone (a) is

the shorter of the two. As is the case with the other zones, they are narrow and about

one half of the breadth of the interporiferous area. The pores are large, the inner

are smaller and circular in outline, and the outer broadly and elongately comma-

shaped. They are in a wide groove, and each pair is separated by a well-developed

costa carrying a row of small miliaries.
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The antero-lateral petals are very wide apart, are long, open, and the anterior

poriferous zone is straigbter than the other (5), which is curved. Both of these zones

become narrow towards the adoral end, the anterior is the shortest, and the last pairs

of pores of the posterior (b) curve slightly backwards.

The posterior ambulacra, the longest, are slightly sinuous near the apex, then

straight and open ; the poriferous zones become narrower towards the margin and are

of equal length.

The ornamentation of all the interporiferous areas is of the same size as that of

the interradia, but is closer. The lateral interradia are the largest.

The actinal surface of the test is depressed from the centrally placed peristome to

about two thirds of the distance to the margin, where a tumid condition occurs, so that

the test rests on a surface within the margin, which overhangs.

The peristome is large and pentangular in outline, and its breadth is not much

greater than its length. The anterior bourrelets are distinct and large, and covered with

a tuberculation which diminishes in size towards the inner part ; the lateral are smaller,

and the posterior (the broadest) is not so prominent as the anterior. The phyllodes are

not very distinct, but they are slightly petaloid, narrow, tuberculate, and marked with

the usual poriferous depressions, but not with extra plates. All around the peristome,

beyond the bourrelets the ornamentation is large, and larger than elsewhere. Beyond

this area of large ornamentation the tubercles become crowded and smaller to

the margin, where they are only slightly more crowded than abactinally. The

ornamentation between the margin and the apex consists of tubercles in sunken

scrobicular areas surrounded by a raised margin, which is more or less finely granular.

The periproct is about as broad as the mouth, is infra-marginal and transversely

elliptical, being much broader than long.

Dimensions. Length 59 millim., breadth 53 millim., height 19 millim. ; distance

of apical disk from anterior edge 24 millim. Eelative length to breadth 1 : 0*98 ;

relative length to height 1 : 0*32.

Locality. Nari series. Neighbourhood of Laki. The fossilization is the same as

some specimens of Ccelopleunis equis. Survey-number G -4^9-.

Illustrations of the Species in Plate XL.

Fig. 5. The abactinal surface.

6. The actinal view.

7. Side view.

2. EcHiNOLAMPAS d'Aechiaci, Duncan & Sladen. Plate XL, Figs. 8 & 9.

The test is long, ovoid, depressed, tumid in front, nipped-in and sharper behind.

It is longer than broad and broader than high, the relative proportions being length 1,

breadth 0-87, and height 0-43.

The highest point is excentric in front, slightly in the rear of the apical

disk ; thence the test slopes boldly in front and gradually posteriorly, there being a
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comparatively level surface behind the apex and then a sharper descent towards the

nipped-in projection over the periproct.

The apical system is very excentric in front. The anterior ambulacrum is short

and narrower than the others, and is open distally. The antero-lateral ambulacra,

very nearly transverse, are not very long, have a tendency to close, for the longer

posterior poriferous zone curves towards the other, but still the ends are widely apart.

The posterior zones do not reach more than three fourths of the distance to the

margin, are open at the end, < and the poriferous zones are equal. The posterior

ambulacra are the longest and broadest.

All the poriferous zones are well developed, very slightly sunken, are rather more

than one half of the breadth of the interporiferous areas, and have large outer comma-

shaped pores and smaller inner ones which are circular in outline. On the lateral

ambulacra there is much obliquity of the pairs of pores. The costse are well developed,

and have the usual row of miliaries on them.

Actinally the more angular posterior part of the test contrasts with the rounded

anterior margin ; the greatest breadth is seen to be at a bulge anterior to the postero-

lateral ambulacra. The test is flattened above and behind the periproct, which is large,

inframarginal, curved in front, straight behind.

The actinal surface is depressed around the central peristome. The ornamentation

is rather large, is nearly equal from the margin to the apex, but is much larger around

the peristome.

Dimensions. Length 57 millim., breadth 51 millim., height 25 millim. ; distance

of apical disk from front 23 millim. Relative length to breadth 1 : 0'877 ; relative

length to height 1 : 0'43.

Locality. Nari series. Neighbourhood of Laki. Survey-number G -^.

Illustrations of the Species in Plate XL.

Fig. 8. The abactinal view.

9. The side view.

3. EcHiNOLAMPAS Radakensis, Buncau & Sladen. Plate XL, Fig. 10.

The test is oval in outline, broadest on a line with the slightly excentric in front

apical system, longer than broad, broader than high, depressed, tumid at the anterior

and the lateral margins, and it rests on a surface between them and the excentric in

front peristome. The apical system is small, and the ends of the ambulacra there are

pointed and rather close. The anterior ambulacrum is rather tumid, is much the

shortest and much the narrowest ; it is open, but the poriferous zones tend to close,

the right being the longest ; the poriferous zones are narrow and the pairs of pores are

crowded. The interporiferous area is tumid.

The antero-lateral ambulacra are petaloid and very wide apart ; both poriferous

zones are curved and narrow. The anterior is the shorter, and there is a tendency to

close. The interporiferous area is broad and tumid, and three times the width of the



OF WESTERN SIND. 261

poriferous zone. The postero-lateral ambulacra are tumid, rather longer than the

others, and broader ; they are petaloid, and tend to close by the approach of the ends

of the poriferous zones, of which the posterior is the shortest. The peristome is narrow

and pentagonal, the anterior bourrelets being well developed, and the phyllodes are

rather petaloid. The tuberculation is very small and crowded on the actinal surface,

and is larger abactinally.

Dimensions. Length 71 millim., breadth 60millim., height 20 millim.

Relational dimensions. Length 1, to breadth 0"84, to height 0"28.

Locality. Nari series, Oligocene of Sind. Near the base of the group, near Radak,

ten miles S.S.E. of Jhangara. Survey-number G-7^-.

Illustration of the Species in Plate XL.

Fig. 10. The abactinal surface.

There are many specimens of a species of Echinolampas in the collection from the

Nari series which may be associated with Echinolampas discoideus, d'Archiac. The

species is a very variable one and difficult to define ; and, indeed, all the species of the

genus Echinolampas from the Nari series have a facies in common, whatever may be

their size.

4. Echinolampas discoideus, d'Archiac. Plate XLI, Figs. 1 & 2.

We give a summary of the description of the species by its authors, and then

remark on the definition afterwards.

Test subcircular, a little longer than broad ; no angular tuberosities on sides.

Margin rounded. Slight projection above the anus. Apical summit slightly project-

ing at the anterior two fifths of the great diameter. Four genital pores rather small.

Petals long, flat, almost as open as in Conoclypeus, rather broad, and almost

unequal amongst themselves in this respect. The two posterior are broader than the

antero-lateral, and the odd ambulacrum is the narrowest. The antero- and postero-

lateral ambulacra very slightly bent at the apex.

Poriferous zones rather broad, subcostulate, almost equal in the same ambulacrum.

Interradial areas unequal ; measured half way down the petals, the posterior is the

broadest and the anterior are the narrowest, but near the apex these last are broader

than the lateral.

Actinal surface subplane, slightly sunken in the middle.

Peristome nearly central ; buccal tuberosities moderately pronounced,

Periproct inframarginal, small, and tolerably regularly elliptical in shape.

Tubercles small, close, especially at the margin, slightly unequal, principally on

the ambulacra. Those near the peristome are larger than the others.

Length 7'6 centimetres, breadth 7-3, height 3-3.

Length 7 „ breadth 1 , height 2-8.

The types chosen by d'Archiac (described in ' Les Animaux fossiles de ITnde,'

p. 209) were well crushed from above downwards ; and his drawing shows that the

posterior half of the actinal part of the test is more tumid than the anterior ; but
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taking the above measurement as nearly correct, the relative dimensions of length to

breadth and height are :—Length to breadth 1 : 0-96 ; length to height 1 : 0'43.

With regard to this description given by d'Archiac and Haime, it is to be

observed that the posterior interradium and the antero-lateral are subequal at the half-

way point, and that the measurement on the type is accompanied by deformation of

the test. The position of the apical system is incorrectly given, being too far forward

;

the ends of the petals are exceedingly indistinct in the type, and the poriferous zones

are not equal. The bent condition of the petals at the apex is incomprehensible. The

poriferous zones are not broad. The tubercles are not close and small.

In fact the types chosen by d'Archiac were not only injured but worn, and were

not full grown.

The most perfect specimen of the species Echinolampas discoideus, d'Archiac, in

the collection from the Nari series, is not crushed, and is therefore normal in height.

It has the specific characters, and it is to be noticed that the madreporite separates

the postero-lateral radials~(ocular plates), that the posterior poriferous zone of the

antero-lateral ambulacra is sinuous or slightly doubly curved, being moreover longer

than the anterior zone, and that these ambulacra do tend to close. The posterior

ambulacra arewidely open.

There is an evident greater tumidity of the test behind the apex than over the

region of the anterior ambulacrum, where there is some flattening.

The above-mentioned specimen measures 89 millim. in length, and is 83 millim.

in breadth. The height is 36 millim. The relative dimensions are : length to breadth

1 : 0-93 ; length to height 1 : 0-41.

Locality. Nari series (Oligocene). Trak Hill, seventeen miles south of Bula Khan.

Survey-number G -3-7-.

Illustrations of the Species in Plate XLI.

Fig. 1. The abactinal view.

2. The side view.

A second specimen, smaller than the preceding, is broader and higher relatively.

Length 78 millim., breadth 74 millim., and height 35 millim. Relative dimensions :

—

length to breadth 1 : 0-94 ; length to height 1 : 0'46.

5. EcHiNOLAMPAS DiscoiDEiTS, d'Archiac, var. a, Duncan & Sladen. Plate XLI, Figs. 3-5.

A large specimen, 113 millim. long and 105 millim. broad, is 54 millim. high, and

its relative dimensions are nearly those of the specimen we consider our type of

Echinolampas discoideus.

It presents a decided flattening of the front margin, which becomes very decided

in larger specimens, measuring 126 millim. long ; and the relative proportions are

—

length to breadth 1 : 0-93, and length to height 1 : 0-42.

Locality. Nari series (Oligocene). Northern end of Watwaro range, between

Trak and Damaj. Survey-number G -7-7-. Trak Hill, seventeen miles south of Biila

Khan. Survey-number G -if-. Hindi Hill, north of Trak. Survey-number G ^^^^.
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Illustrations of the large Specimen with anterior truncation in Plate XLI.

Fig. 3. The actinal surface : natural size.

4. The peristome of another specimen : natural size.

5. Outline diagram of the peristome.

6. EcHiNOLAMPAS DiscoiDEUS, d'ArcMac, var. j3, Duncan & Sladen.

This variety of the species is small and flat, and in one the length is 50 millim.

breadth 53 millim., and height 19 millim. Eelative length to breadth 1 : 0-98, and

length to height 1 : 0-32.

The next variety, also a flat one, is thus described by us :

—

7. EcHiNOLAMPAS DISCOIDEUS, d'Archiac, var. y, Duncan & Sladen*.

The test is depressed, ovoid, broadest on the posterior half; it is longer than

broad in a slight degree, and much broader than high. The relational proportions are :

length 1, breadth 0-9, height 0-38.

The highest point is central, and behind the excentric in front apical system-

The test slopes rather flatly, but with a gentle curve to the front, and much more

boldly, _and with some tumidity, posteriorly. The margin is nowhere tumid, but more

swollen and rounded posteriorly than anteriorly. Actinally the peristome is central

and sunken, the test being slightly tumid between it and the margins ; there is some

convexity between the- peristome and the inframarginal, elliptical periproct, which is

close to the posterior edge. The fore part of the actinal surface dips down slightly,

and the test rests on a surface close to the anterior margin, and elsewhere between the

peristome and the margin.

The excentric in front apical system is small and with rather large generative

pores ; the anterior are the closest, and aU are oblique.

The odd ambulacrum is, as are the others, flush with the test, the poriferous

zones being barely sunken. The interporiferous area is lanceolate, widely open at the

end ; and the poriferous zones, narrow and long, show no tendency to close ; they are

of the same length, and are slightly narrower at their termination. This ambulacrum

is as long as the longest poriferous zone of the antero-lateral ambulacra, and

only a little shorter than the postero-lateral ambulacra. The breadth of the odd

ambulacrum, like that of the others, is not great, but it equals that of the posterior,

although it is very slightly less than that of the antero-lateral pair.

The antero-lateral ambulacra, nearly transverse, are widely open, and the posterior

poriferous zone is more bent than the anterior. They extend close to the margin.

The postero-lateral ambulacra are slightly sinuous, long and open ; the anterior zone is

the longest. The poriferous zones generally are narrow, 1\ times less than the

interporiferous areas. The ornamentation of the interporiferous areas is slightly

smaller than that of the interradia; it is not crowded in these last. The actinal

ornamentation is larger than the abactinal, and is very large in the posterior inter-radium.

The anterior bourrelets are well developed.

* We retain the specific name given by MM. d'Archiac and Haime without modification.

2n
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Length 67 millim., breadth 61 millim., height 26 millim.

Locality. Nari series, Oligocene of Sind. Mal-Mohari, west of Jungshahi.

Survey-number G ^^-g-.

Dimensions of the Series of Forms of Echinolampas coming within the species

Echinolampas discoideus, d'Archiac.

Length. Breadth. Height. Length to Length to

millim. millim. millim. breadth. height.

1. Form 89 83 36 1 to 093 1 to 0-41. Type.

2. Form 78 74 35 1 to 0-94 1 to 0-46. Type.

3. Form 113 105 54 1 to 093 1 to 0-4. Var. a.

4. Form 126 117 53 1 to 0-93 1 to 042. Var. a.

5. Small specimen . 59 53 19 1 to 0-98 1 to 0-32. Var.0.

6. Another .... 67 61 26 1 to 0-9 1 to 0-38. Var. y.

8. EcHiNOLAMPAs PLACENTA, Buncan & Sladen. Plate XLII, Figs. 1-3.

The test is large, nearly as broad as long, very depressed, nearly circular in outline,

but slightly nipped-in and produced behind, and slightly flattened over the infra-

marginal periproct. The margins are rounded rather sharply, and the highest point of

the test is slightly excentric in front at the apical disk. There is a sharper slope in front

than behind the apical system, and some flattening occurs over the anterior ambulacrum.

But in spite of the flattening, the anterior margin is more swollen than the posterior

(Fig. 3). The actinal surface has a gradual slope to the central peristome.

The apical system is flat and rather large, the madreporic body occupying the

space between the four well-marked generative pores, and extending behind the line of

the two posterior so as to separate the radial (ocular) plates of the posterior ambulacra.

The ambulacra come to visible points beyond the madreporite, and the radial (ocular)

plates are rather large. The ambulacra (anterior part of odd one is missing) are long,

extend close to the margin, are open widely, are flush with the test, and are broad with

comparatively narrow poriferous zones, which are unequal in the same ambulacra to

some extent.

The narrowest ambulacrum is the anterior, and the longest and broadest are the

postero-lateral ambulacra. The pores are rather large, the outer one elongate comma-

shaped, and the inner nearly circular in outline ; and the costse, moderately broad,

have a row of miliaries on them. The pairs narrow towards the distal end. The

antero-lateral ambulacra, very wide apart, have the anterior poriferous zone nearly

straight, except close to the marginal end, where there is a slight curving backwards

and obliquity of the pores ; the posterior zone is curved and sinuous, for distally the

curve alters and the concavity is backwards ; and this is the larger zone of the two. The

posterior ambulacra have the anterior poriferous zone more bent than the other, but it

is the shorter of the two. The peristome is small, pentagonal, broader than long, and

widely open. The floscelle is well developed, the phyllodes are distinct, the antero-

lateral in grooves, and there are some extra plates, and most of the pores are double.
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The anterior bourrelets are somewhat tumid, as are the lateral, and the posterior is flat

and the largest. The periproct is broader than the peristome, is close to the margin,

and is elliptical with sharpish sides, and the anterior margin is more curved than

the posterior.

The ornamentation of the interporiferous areas, abactinally, is very distinct, not

crowded, and consists of sunken tubercles and intermediate granulated structure. It is

slightly smaller than the ornamentation on the interradia, which is rather more distant.

It becomes coarse and crowded at the margin from the narrow and projecting inter-

mediate tissue, but it increases in size, distinctness, size of intermediate tissue, and

. granulation towards the peristome. It becomes small again on the inner slopes of the

bourrelets. Small behind the periproct, it is larger anteriorly to it.

Dimensions. Length 115 millim., breadth 106 millim., height 40 millim.

Belative dimensions. Length 1, to breadth 0-92, to height 0-35.

Locality. Nari series (Oligocene). Pokhran, 50 miles S.S.W. of Sehwan. Survey-

number G -g-j-.

Illustrations of the Species in Plate XLII.

Fig. 1. The test, abactinal view.

2. Actinal view.

3. Lower longitudinal section.

A second specimen is flatter, and has the posterior interporiferous areas narrower

than the type just noticed, otherwise they are identical. Length 105 millim., breadth

99 millim., height 35 millim. The relative dimensions are:—length 1, to breadth

0-94, to height 0-33.

9. EcHiNOLAMPAS TUMiDA, Duncan & Sladen. Plate XLIII, Figs. 1-5.

The test- is very large, slightly longer than broad, not quite circular in marginal

outline. It is about half as high as broad, very tumid at the margins, and swollen

actinally ; the peristome, which is rather excentric in front, being in a shallow broad

depression. The highest' point of the test is in front of the centre, and is at the apical

disk ; and the test slopes suddenly and boldly from that spot to the tumid anterior

margin, and much more gradually backwards to the sharper margin over the periproct.

The whole of the front of the test presents a very convex and massive appearance. But

the upper part of the test is not rounded off equally with the flanks, and is more or

less conical. - The posterior margin slopes upwards and backwards from the actinal

surface, so that the inframarginal periproct is seen slightly from behind.

The apical system is small. The ambulacra are long, but do not extend close to

the margin ; broad, with rather narrow poriferous zones which are nearly equal in each

ambulacrum. There is a slight tendency to close in the antero-lateral ambulacra, and

the poriferous zones of the postero-lateral are a little closer together at their extreme

ends than midway ; but the anterior ambulacrum is widely open. All the interpo-

riferous areas are flush with the test and the poriferous zones also.

The anterior ambulacrum is long, lanceolate, and shows no tendency to close ; its

2n2
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poriferous zones are equal in length, and the breadth of the two combined is rather less

than that of the interporiferous area. The larger pores are of considerable dimensions ;

those which are at the distal end are subequal and nearly circular or elliptical in outline,

but the outer pores become more and more elongate and straight comma-shaped towards

the middle of the ambulacrum ; thence they become gradually smaller. .The inner

pores are more elliptical than circular in their outline, and are smaller than the others.

There is a very decided obliquity of the pairs of pores, which is produced by a

slope of the outer part of the ambulacral plate ; and the costa between the pairs of pores

is wide and short, and carries more than one row of minute miliaries arranged in rather

a confused manner. There is but little narrowing of the poriferous zones towards

their termination. This ambulacrum is the shortest and narrowest, and its length

is 52 raillim. and greatest breadth 11 millim.

'i'he antero-lateral ambulacra are broader and longer than the anterior one ; the

poriferous zones become narrow towards their end, and the anterior, the shortest, has

its terminal pair of pores curved backwards ; it is the shorter by about five pairs.

Neither of the zones is much curved. The length is 56 millim., and the greatest

breadth 12 millim.

The postero-lateral ambulacra are very long, 65 millim., and as broad as the antero-

lateral. There is slight difference in the length of the poriferous zones, vphich diminish

in breadth towards the end, and only a slight disposition to close.

The ornamentation of the interporiferous areas is smaller than that of the inter-

radia, is not very close, and is rather transverse. The tubercles are small, sunken, and

separated by a vrell- developed raised area, which is minutely granular (Fig. 8). The

costse are broad, and have at least two rows of miliaries on them.

The peristome, broadly-pentagonal, is slightly in front of the centre, and is surrounded

by the tumid actinal surface ; the breadth is greater than the length from before back-

wards, and the bourrelets are fairly developed. The phyllodes are not large, but there

is doubling of some pores. The posterior lip is the broadest and flattest. The

breadth is 12 millim.

The periproct is on the upper and backward slope of the margin, is broader than

the peristome, and is an elongate ellipse with the anterior margin more curved than the

posterior.

The ornamentation of the interradia, abactinally, resembles that of the inter-

poriferous areas, and it is slightly the larger. It increases steadily and gradually in size

from the margin to the peristome; the tubercles become larger, situated in deeper

scrobicules, and the intertubercular ornamentation becomes larger, wider, and more

distinct. The largest ornamentation is in the ambula-cra near the peristome, and on

the posterior lip a little remote from the mouth. In those localities the granular

ornamentation between the tubercles is wide.

Dimensions. Length 117 millim., breadth 107 millim., height 64 millim.

Eelative dimensions. Length 1, to breadth 0-91, to height 0-54.

Locality. Nari series (Oligocene). Trak Hill, 17 miles S. of Bula Khan. Survey-

number G ^^.
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Illustrations of the Species in Plate XLIII.

Fig. 1 . The test, side view : natural size.

2. Actinal surface.

3. Part of anterior ambulacrum, showing obliquity of plate : magnified.

4. Ornamentation of ambulacrum : magnified.

5. Ornamentation of under surface : magnified.

10. EcHmoLAMPAS TUMiDA, Buncan & Sladen, Variety.

The test is circular in marginal outline, nearly hemispherical, tumid at the margins

except in the posterior part of the test, and with a swollen actinal surface around a

slightly sunken central peristome.

The highest point of the test is behind the apical system, which is rather excentric

in front; There is some flattening of the test on either side of the anterior ambulacrum.

Apical system rather large. The ambulacra are long, slightly raised, widely open

at the end ; the poriferous zones of each ambulacrum are nearly equal, except in the

postero-lateral ; they become narrow gradually, and are less than one half of the breadth

of an interporiferous area.

The pairs of pores are separated by well-developed costse, with a single row of

miliaries on them, and there is some obliquity of the poriferous part of the plate. The

inner pores are smaller and more circular than the others, which are long and comma-

shaped, where not much worn.

The anterior ambulacrum is very long, comes close to the margin, and is widely

open. It is 49 millim. long and 1 centim. broad near its end. It is very slightly bent.

The antero-lateral ambulacra are of the same length and breadth as the odd one ; the

posterior poriferous zone is the most curved and the longer ; there is a slight tendency

to close. The postero-lateral ambulacra are the longest and broadest, and the posterior

zone is the longer.

The peristome is broad, and the floscelle developed. The periproct is close to the

edge and inframarginal. The ornamentation of the ambulacra is rather small and of

the same size as that of the interradia ; the tubercles are separated by a miliary raised

tissue. Actinally the ornamentation is large, and especially near the peristome.

Dimensions. Length 104 millim., breadth 101 millim., height 59 miUim. Eelative

length to breadth 1 : 0'97 ; relative length to height 1 : 0-56.

Locality. Nari series (Oligocene). S.E. side of Trak Hill. Survey-number G 4^#.

The circular marginal contour is very characteristic of this variety.

Family SPATANGIB^.

Genus EUSPATANGUS, Agassiz, 1847.

1. EusPATANGUS EOSTRATUS, d'ArcUac. Plate XLIII, Fig. 6.

Some large forms of this Euspatangus are in the Nari series, and approach Euspa-

tangus affinis, nobis, which was described in the memoir on the Fossil Echinoidea
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of Kachh and Kattywar (plate xii, fig. 2). . The posterior nipping-in of the test is, how-

-ever, very decided in the Nari forms ; the number of large tubercles is considerable, and

there is a fasciole on one part of the flank of the test, which is very distinct. It is not

continuous, however,

Actinally the marginal tuberculation ends towards the posterior ambulacrum

suddenly, and large tubercles come in. The bare space of the smooth plastron and

ambulacra is dotted here and there with distinct miliaries, which are about the same

size as those which are scattered between the large actinal tubercles.

Locality. Nari series (Oligocene). West side of Bhagothoro Hill, south of

Sehwan. Survey-number G-^-g-.

Illustration of the Species in Plate XLIII.

Fig. 6. A large specimen, from above.

Genus SCHIZASTEE, A^ssiz, 1836.

ScHiZASTEE Geantt, Duncan & Sladen. Plate XLII, Figs. 4-6.

There are several! specimens of the genus in the collection from Nari, but unfor-

tunately their condition of preservation is unsatisfactory. It is evident, however, that

Schizaster Granti, nobis, which is so largely represented in Kattywar, in strata higher

than the Nummulitic, and which are Miocene in age, is present in the Nari series*.

Locality. Nari series (Oligocene). AVest side of Bhagothoro Hill, south of

Sehwan. Survey-number G -7-6-.

Illustration of the Species in Plate XLII.

Fig. 4. The side view. (The fasciole is not seen in this specimen.)

5. The abactinal view. (Fasciole is worn.)

6. A linear longitudinal view of a large specimen.

In these figures the shape is given, and not the details.

IV. Remarks on the Species.

The Cidaris has a truly Sindian facies.

The Coelopleuri belong to two species which have been described by-d'Archiac
and Haim'e as coming from the Nummulitic of Sind. These are CodopVeurus equis,

a European form, and Ccelopleurus Pratti, closely allied and only known in Western
India.

The interest of these forms has been greatly increased by the descriptions of the

living species by Alex. Agassiz.

In Ccelopleurus Maillardi, Mich., collected during the ' Challenger ' Expedition,

the spines, like those of the West-Indian species Ccelopleurus floridanus, are extra-

ordinarily long; but in both species, as in the fossil forms, the tubercles are non-

* ' Possil Echinoidea of Kachh and Kattywar.' Pal. Indica, Ser. XIY. pp. 70 & 88, plate vi, figs. 8-12.
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crenulate, showing that crenulation and size of spines and their power of movement are

not invariably associated. In the first-named species the bare median interradial area

is ornamented by a few flat, broad, inconspicuous miliaries, and by smooth broad bands,

somewhat raised, forming irregular S-shaped lines extending from the centre of one

plate to the upper edge of the following plate. These are seen more or less modified

and in a greater degree in the fossil forms. The arrangement of the ambulacra and

interradia is generally the same, but special distinctions are noticed in the recent and

fossil species. In the fossil forms the ambulacra are prominent, and are relatively

narrower than in the recent species.

The arabulacral tubercles extend close to the radial (ocular) plates in the fossil

forms and also in Ccelopleurus Maillardi ; and the interference of the pairs of pores with

the raised scrobicules of the large tubercles is greatest in the extinct species.

The median sutural pits near the actinal end of the ambulacra are visible in all the

species, but they are certainly variable in the fossil forms and most developed in the

recent West-Indian. They may be for sphaeridia, as Agassiz suggests in the Report

on the ' Challenger ' Echini. The tag-like prolongation from the peristomial cuts is

seen in all the species. The apical system differs, and the elliptical anal opening of the

East-Indian recent form is represented by an obliquely-placed oval anus in the fossil

species.

The ornamentation between the large interradial tubercles and the poriferous zone

is diff'erent in the two fossil species, and is distinct from that of the recent forms. The

construction of the triplets of the ambulacral areas is shown on Plate XXXIX, Figs.

7 & 12. It is most singular, and characterizes the genus. Nothing resembling it has

hitherto been noticed.

The study of the Gaj and Kachh forms of Coelopleurus has opened out many

interesting points, and we are engaged in describing the anatomy of the recent species.

Clypeaster simplex from the Nari series is allied to the species of Clypeaster from the

same geological horizon in Kachh, and its nearly equal petals are very characteristic.

Clypeaster depressus. Sow., is common in the Nari series and in the corresponding

strata in Kachh, and it is therefore not a true Nummulitic form. It passes up into

the Miocene.

The third species from the Nari series is not a very satisfactory one ; but the

humped nature of the apical area and a little beyond is characteristic. Actinally the

form is very concave.

The Echinolampinae from the Nari series are very characteristic and numerous.

Some are very large forms indeed, and all are comparatively depressed, some very much

so. They differ entirely in shape from those of the Nummulitic of Kachh and from

those of the Miocene of that district and Kattywar. Their facies is altogether distinct

from that of the large Echinolampad fauna of the Khirthar Nummulitic beds of Sind,

where the flat, discoid, and subpentagonal forms of the Nari series have no repre-

sentatives whatever ; whilst, on the other hand, the elongate and regularly curved out-

lines of the characteristic Khirthar species stand closely distinguished from the Nari

species of Echinolampas.
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There is nothing very marked about the species Echinolampas difflcilis, except its

manifest alliance with Echinolampas discoideus, d'Archiac. The proportions, however,

diifer, and the general sTiape also. But its details help to maintain the generally

depressed character of the Echinolampinae of the Nari series and their alliances with

Echinolampas discoideus. Echinolampas d'Archiaci is not unlike Echinolampas

Sindensis at first sight ; but the contour and the nature of the margin distinguish it.

Echinolampas Eadakensis introduces the discoid series, and is one of the trouble-

some species which cannot be classified with better-known forms and yet have an

indefinite individuality of their own.

Echinolampas discoideus, d'Archiac, is a very variable form, and, with its varieties,

characterizes the Nari series. The specimen used by d'Archiac and Haime, which is

in the collection of the Geological Society of London, is one which we should have

declined to investigate as a specific type. We have carefully considered the measure-

ments of it and of those in the collection from the Nari series, and we consider the form

figured in Plate XLI,' Figs. 1 & 2, to be the true Echinolampas discoideus. One of

the most interesting varieties of the species is a large form which has the margin in

front flattened. Fortunately, in one of the specimens the peristome is well preserved,

and we liave given a view of.it. A third specimen shows a worn condition of the

peristomial ambulacra, and its delineation (Plate XLI, Fig. 5) certifies to the correct-

ness of Loven's descriptions of the relative position of the tentacular orifices.

The great flat Echinolampas placenta is clearly one of the allies of E. discoideus.

It is a most extraordinary form, especially when considered in relation to the great

Echinolampas tuniida from the same series. These species are among the largest of

the genus, and appear to be confined to the Nari series.

Euspatangus rostratus, d'Archiac, appears to have a considerable vertical and

horizontal range, and the species is found in Kachh. The Nari form certainly has

some of the features of Euspatanyus affinis, Duncan & Sladen, from Kachh.

Finally, Schizaster Oranti, Duncan & Sladen, is found in the Nari deposits and is

a common fossil in Kattywar. It passes up into the Miocene series.

The Oligocene strata of Sind and of Kachh are evidently worthy of the name,

and the evidence of their intermediate position between the Eocene and the Miocene

is off'ered by the study of the Echinoidea as well as of the Corals. Moreover, the

horizon of the strata containing the fossils is not a low one in the series, and there is a

slight community of species between the Nari and the overlying Miocene deposits.
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V. APPENDIX.

This Fasciculus contains the description of the uppermost Nummulite-bearing rocks of

Sind, and the next, which will be published shortly, will relate to the Miocene strata

of the same province. As that Fasciculus will be the last of this Series, it will contain

the necessary lists of the species of the Echinoidea, and also the remarks upon the affi-

nities of the faunas of the consecutive great groups of strata. The affinities of the

Nummulitic, Oligocene, and Miocene faunas of Sind will then be considered in relation

to those of the equivalent European strata.

In concluding this part of our work it becomes necessary for us to introduce here

some remarks which we have already published in the 'Annals and Magazine of Natural

History' for October 1884.

A species of the genus Hemiaster {H. elongatus) was described by us in page 78

of the fasciculus on the Echinoidea of the Ranikot series, and it was figured on

Plate XIX.

Professor Sven Loven, in a masterly essay on the genus Pourtalesia, communi-

cated to the Royal Swedish Academy of Sciences, June 1882, and which was published

in 1883, stated in two footnotes, one on page 73 and another on page 79, that our

species H. elongatus belongs to the genus Palceostoma. It is evident to us that if this

is true, another species {Hemiaster digonus, d'Archiac) must come within the same

generic environment. We have gone over the descriptions and drawings of both these

species, and have compared them with the original types, and we still retain the forms

in the genus within which they were placed by us.

The following extract from the ' Annals and Magazine of Natural History ' for

October 1884, p. 239, places our views definitely :

—

" We may admit that the two species of Hemiaster differ equally from Pate-

ostoma.

" In all the forms the apical system is small, and two of the generative plates,

1 and 4, have conical eminences, on which are the large ovarial pores.

" In all three forms the generative or basal plates 2 and 3 are small and without

perforations for ovarial ducts, and here the structural similarity ceases. The genus

Palceostoma has no madreporite passing back between the two perforated plates 1 and 4 ;

2o
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the other two forms have this, and, moreover, the madreporite reaches back between the

posterior oculars I. and V. There are no sutures in Palceostoma, but they are present

between all the plates in the forms we ,have called Hemiaster.

" The peristome of Palceostoma is pentagonal at all ages ; that of our Hemiaster

s

is never pentagonal, and is of the crescentic shape of the genus, the front edge being

curved widely and the back lip being also curved and projecting downwards as a promi-

nent structure. In Palceostoma the interiadial plates / at the margin of the mouth are

large, nearly equal in their considerable space, and the ambulacral plates contribute but

slightly to the margin. In the other forms only the plate / of interradium 5 is large,

and, as in all Hemiasters, the other first plates barely contribute to the peristome,

whilst the greater part of the margin is made up of the ambulacral plates. The first

interradial plates of 1, 2, 3, and 4, not very wide posteriorly in Palceostoma, are decidedly

wide in the Hemiasters.

" There is a most remarkable heteronomia of the interradium 1 in Palceostoma

mirahile, but there is nothing of the kind in the two other forms. They present the

normal heteronomia of the inteiTadia, actinally, which is usual to such Spatangoids.

There is no plastron in Palceostoma, but there is in the other forms.

" The very broad ambulacra on either side of the odd interradium in Palceostoma

are nbt characteristic of the Hemiasters ; on the contrary, their ambulacra are narrow.

In Palceostoma there is a remarkable enlargement of the fifth ambulacral plate ofamb. I.

row a, and it is pushed to the left because plate bS oi interradium 5 is placed so much

to the front of a ^ of the same interradium that there is a vacant space. This is not

the case in the two species which we have named Hemiaster, and plates a 3 and h 3 oi

the odd interradium are as is usual in the Spatangoids.

" We consider that we have proved that the generic characters of Palceostoma are

not present in the form we named Hemiaster elongatus, nor are they in the closely allied

species H. digonus, d'Archiac."

Since this reply was published. Professor Loven kindly assents to our original

determination. But he doubts the propriety of permitting so-called Hemiasters with

only two generative pores and a backwardly passing madreporite to remain in the genus

as established by Desor. (November 1884.)



A DESCRIPTION

OF THE

FOSSIL EOHINOIDEA

OF

WESTERN BIND.

Fasciculus 5.—THE GAJ SEEIES (MIOCENE).

Plates XLIV.-LV.

I. Introductory Bemarks on the Gdj Series.

The general relations of the Gaj series of Tertiary rocks of Western Sind were stated

in the first part of this work, in the introductory remarks upon the positions whence

the fossil Echinoidea of Sind were derived. An abstract was given of the nature of

the succession of the Gaj series and also of the Nari series below and the Manchhar

series above it.

This stratigraphical information was derived from the elaborate work ' On the

Geology of Western Sind,' from the Memoirs of the Geological Sui'vey of India, by

W. T. Blanford, F.E.S.*, Deputy Superintendent of the Geological Survey. The

survey of the area was the joint labour of Messrs. Blanford and Fed den, and the

fossils which were collected under the superintendence of those gentlemen were sent

to us from H. B. Medlicott, Esq., F.K.S., the Superintendent of the Geological

Survey of India.

Geologists will find the descriptions of the strata and the physical geology of

Western Sind, given in the memoir just noticed, full of interest, as illustra,ting the

varied features of the very wonderful series of Tertiary deposits in Western India.

This memoir has been, moreover, carefully considered in the ' Manual of the

Geology of India,' by Messrs. Medlicott and Blanford, 1879.

* Memoirs of the Geological Survey of India, vol. xvii. pt. 1 (1879).

2p
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The result of the examination and description of the Fossil Corals of the Gaj

series* proved that it was on a higher horizon than the Nari series, and this has been

confirmed by the study of the Echinoidea which we now offer to palaeontologists.

In fact the deductions made by the geological surveyors in the field have been

proved to be correct. The evidence which was obtained from the study of the Corals

is confirmed by the examination of the Echinoidea, and indeed it may be said that

although the Corals distinctly gave a Miocene horizon to the Gaj series, it was not a

high one. Nevertheless the Echinoidea are indicative of a high horizon in the

Miocene.

The following abstract of the description of the Gaj series from the ' Manual of

the Geology of India,' pp. 463 et seq., will be found useful :

—

" Gdj Group.—Upon the Nari group, almost throughout Sind, there is found

resting a mass of highly fossiliferous limestones and calcareous beds, usually more or

less shaly, always distinctly stratified, and easily distinguished from the limestones of

the older Tertiary formations by the absence of Nummulites. A superb section of the

strata forming this group is exposed on the banks of the Gaj river, the only stream

which cuts its way through the Khirthar range, and in the neighbourhood of which,

west of the range, the fine section of Lower Tertiary and Cretaceous beds, akeady

noticed, is exposed. From this river the present group derives its name.

" On the eastern flanks of the Khirthar range, in Upper Sind, the Gaj group

forms a conspicuous ridge, the hard dark-brown limestone bands near the base of the

formation resisting the action of denudation far more than the soft sandstones of the Nari

beds, and rising every here and there into peaks of 1000 and 1500 feet, or even more,

escarped to the westward, and sloping to the east, Amru (the highest summit of the

Gaj ridge) being 2700 feet above the sea. Still the limestone bands, although so

conspicuous, are subordinate, the greater part of the group consisting of sandy shales,

clays with gypsum, and, towards the base, sandstones. Many of the bands of limestones

appear very constant in position, and may be traced for a long distance. As a rule

they are dark brown in colour ; but one bed is white, and abounds in corals and small

Foraminifera (Orbitoides), whilst some of the darker bands contain Echinodermata in

large quantities. The uppermost portion of the group is usually argillaceous, being

chiefly composed of red and olive clays with gypsum ; and these beds pass gradually

into precisely similar strata belonging to the overlying Manchhar group. The passage-

beds contain, amongst other fossils, Turritella angulata, and forms of Ostrea and Placuna,

and the following :

—

Corbula trigonalis. Tellina suhdonacialis.

Ludna [Diplodonta) incerta. Area LarJcanensiB.

" All of these have allies living in estuaries at the present day. Area granosa, a

recent representative of A. Larhanends, being one of the commonest and most typical

of Indian estuarine Mollusca, To these estuarine passage-beds further reference will

be made presently, when the relations of the Manchhar to the Gaj beds are discussed.

* Pal. Indiea, Series XIV. vol. 1 (now 2), 1880. Sind Fossil Corals and Aloyonaria, P. Martin Duncan.
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The Gaj beds at the Gaj river are very nearly 1500 feet thick, but they appear to be

less developed to the northward in the Khirthar range, and not to be much more than

half the thickness named west of Larkana, where, however, they are nearly vertical,

and have probably suffered from pressure. In Lower Sind the Gaj group, like the

Nari, disappears to the eastward of the Laki range, where it is either entirely wanting

or else represented by a thin band, containing one of the characteristic fossils, Ostrea

multicostata, at the base of the Manchhar group. There is, however, a very large area

of Gaj beds north and north-east of Karachi ; and the appearance of the formation

there is somewhat different from what it is in the Khirthar range ; for the greater

portion of the group consists of pale-coloured limestones, almost horizontal, or dipping

at very low angles, and to the east of the Habb valley forming plateaux 400 or 500 feet

high, bounded by steep scarps, which rise from the low ground of the soft Nari

sandstones.

" A low range of hills, formed of Gaj beds, extends to the south-west, past the

hot springs at Magar or Mangah Pir, to the end of the promontory known as Cape

Monze, west of Karachi ; and the same beds form the low hills east and north-east of

the town, and furnish the materials of which the houses in Karachi are mostly built.

A small island called Churna, in the sea, west of Cape Monze, also consists of Gaj rocks.

To the northward, the Gaj area of Lower Sind extends, with very irregular outline, to

the neighbourhood of Tong and Karchat, almost due west of Hala ; and there are

several outliers farther north, connecting the southern portion of the group with the

typical outcrop in the Khirthar range. East of Karachi, also, Gaj beds extend in the

direction of Tatta until they disappear with the other Tertiary rocks beneath the

alluvium of the Indus. As was shown in a previous chapter, the Gaj group of Sind

appears to be represented in Cutch by a highly fossiliferous belt, containing most of

the typical mollusca, echinoderms, &c. It is quite possible that the present group, as

well as the Nari, never was deposited in the neighbourhood of Kotri and Jhirak.

" It has been already stated that the Gaj beds, throughout the greater portion of

the Khirthar range, rest conformably upon the Nari group, although there is a change

in mineral character, and that in Lower Sind the passage from one group into the

other is gradual, calcareous bands, with Gaj fossils (such as Ostrea multicostata and

Pecten subcorneus), being found interstratified with the uppermost Nari sandstones. At

one place, however, near Tandra Eahim Khan, west by north of Schwan, the outcrop

of the Gaj beds, here dipping at a high angle to the westlvard, runs nearly in a straight

line across the mouth of a valley, composed of a deep synclinal of the Nari group,

between two anticlinal ridges of Khirthar limestone. As the Gaj beds do not share

the synclinal curve of the Naris, it is difficult to see how the two can be conformable

;

but an examination of the boundary between the two groups failed to show any clear

evidence of unconformity. There are, however, some places south of Sehwan where

the Gaj group overlaps the Nari beds and rests upon the Khirthar limestones ; but it

must be recollected that the Gaj group is itself overlapped by Manchhar beds in the

immediate neighbourhood. The commonest and most characteristic fossils of this

group are Ostrea multicostata and Breynia carinata."

2p2
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It is very important to notice that there is another marine series of the Tertiaries

in relation to the Gaj group.

The normal succession is that of the freshwater Manchhar beds, one of the

Rhinoceridse of which has been discovered in the Gaj beds. But BIanford has

described the Makran beds, and the following is an abstract of what is said regarding

them in the ' Manual of the Geology of India,' p. 470 :

—

" Belations to Makran group.—The Manchhar beds extend along the edge of the

sea, west of Karachi, almost to the end of Cape Monze ; but no representative of this

formation is seen for a considerable distance to the westward of the Cape. But west

of Sommiani Bay, in the neighbourhood of Hinglaj, a well-known place of Hindu

pilgrimage, there are high hills of hard greyish-white marls or clays, usually sandy,

often highly calcareous, and occasionally intersected with veins of gypsum. With this

clay or marl, bands of shaly limestone, dark calcareous grit, and sandstone are inter-

stratified. This raarl-formation extends for many hundreds of miles along the coast,

and is well seen at Eas Malan, Ormara, &c., at the entrance of the Persian Gulf. The

headlands of Ras Malan, Ormara, and Gwadar consist of great horizontal plateaux

surrounded by cliffs of whitish marl or clay, and capped by dark-coloured calcareous

grit, Eas Malan especially being a table-land rising abruptly to the height of 2000 feet

from the sea. These remarkable rocks are called the Makran Group. The Makran

group is purely of marine origin, and abounds in Mollusca, Echinoderms, &c., most of

the species apparently being the same as those found in the neighbouring seas at

present." The authors proceed to state that none of the characteristic Gaj fossils are

found in the Makran series, and that the latter deposit seems to be later than the Gaj.

It is then noticed that some of the soft argillaceous beds of Manchhar age in the neigh-

bourhood of Karachi closely resemble some similar beds in the Makran group near

Gwadar.

The Echinodermata we have examined from the Makran series certainly have a

fades later in time than the Gaj collection.

Again the Makran deposits, whence the Echinodermata we have examined came,

are not the same thing as the so-called Littoral concrete of the coast to the north of

Bombay, a deposit which is partly quite recent and partly since the Pliocene.

The succession of the series appears to have been as follows :—The Nari or

Oligocene series, the Gaj Miocene, the Makran beds, the marine equivalents of the

Manchhar deposits, the Littoral concrete.

The importance of this succession is enhanced by the consideration that the

Manchhars are of the same age as the Sivalik deposits on the flank of the Himalayas,

this great orographical system having attained its full development after the commence-

ment of the Sivalik age. The great Post-pliocene disturbance is of great interest, both

in the Himalayan region and in Sind.
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II. List of the Fossil Echinoideafrom the Odj Series.

Order ECHINOIDBA ENDOCTCLICA.

Family CIDARIDJS.

Oenus CiDAEis, Klein, 1734.

Cidaris opipara, Duncan Sf Sladen : p. 279.

excelsa, Duncan df Sladen : p. 282.

spp. (spines) : p. 283.

Family ARBAOIAD^, Gray, 1855.

Genus CoiLOPLETJETTS, Agassiz, amended.

Coelopleurus Porbesi, d'Archiac Sf Haime, amended ; p. 287.

Sindensis, Duncan Sf Sladen : p. 298.

Family TEMNOPLEURID^.

Genus TBMNECHiinTS, Forbes, 1852.

Temnechinus Kousseaui, d'Archiac Sf Haime, sp. : p. 303.

afflnis, Duncan Sf Sladen : p. 303.

stellulatus, Duncan ^ Sladen : p. 304.

Gajensis, Duncan Sf Sladen : p. 305.

Genus Lepidopletjetjs, Duncan S{ Sladen.

Lepidopleurus hemisplisericus, Duncan Sf Sladen : p. 306.

granulatus, Duncan S( Sladen : p. 308.

Family TBIPLECHINID^.

Genus Hipponoe, Gray, 1840.

Hipponoe proavia, Duncan Sf Sladen : p. 310.

antiqua, Duncan Sf Sladen : p. 313.

Genus EcHisrus {Eondel.), Linni, 1758.

Echinus suborenatus, Duncan Sf Sladen : p. 317.

Order ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family CLYPEASTBIDM.

Subfamily Ettcltpbastbin^.

Genus Cltpeastee, LamarcTc, 1801.

Clypeaster profundus (d'Archiac), Duncan Sf Sladen : p. 319,

pulvinatus, Duncan Sf Sladen : p. 322.

pelviformis, Duncan Sf Sladen: p. 324.

complanatus, Duncan Sf Sladen : p. 325.

depressus, Sowerby : p. 327.
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Family 8GUTELLIBM.

Genus Echinodisotjs, Breyn., amended by A. Agassiz, 1872.

Echinodiscus Desori, Duncan Sc Sladen : p. 328.

, var. : p. 328.

placenta, Duncan Sf Sladen : p. 329.

ellipticus, Duncan ^ Sladen : p. 330.

elongatus, Duncan Sf Sladen : p. 331.

sp. : p. 329.

sp. : p. 331.

Suborder ATELOSTOMATA.

Family CASSIDULID^.

Subfamily EohinolampiNjB.

Genus Eohinoiampas, Gray, 1825.

EclLUiolampas Jacquemonti d'Archiac ^ Haime : p. 332.

spheroidaHs ?, d'Archiac : p. 338.

Family SPATANGID^.

Subfamily SpAtangin^.

Genus Schizastee, Agassiz, 1836.

Schizaster Granti, Duncan Sf Sladen : p. 339.

Bufflatus, Duncan Sf Sladen : p. 339.

Genus MoiEA, A. Agassiz, 1872.

Moira, sp. ? : p. 342.

Genus Meoma, Gray, 1851.

Meoma, sp. ? : p. 342.

Genus BEExmA, Desor, 1847.

Breyiiia oarinafca, d'Archiac : p. 343.

Subfamily Bbissina.

Genus Beisstts, Klein, 1734.

Brissus, sp. : p. 354.

Summary of the Species of Fossil EcMnoidea from the Gdj Series in Sind.

1. Cidaris opipara, Duncan S( Sladen: p. 279.

2. excelsa, Duncan if Sladen : p. 282.

3. spp. (spines) : p. 283.

4. Coelopleurus Eorbesi, d'Archiac Sf Haime : p. 287.

5. Sindensis, DuvAian Sf Sladen : p. 298.

6. Temneotinus Eousseaui, d'Archiac, sp. : p. 303.

7. afflnis, Duncan Sf Sladen : p. 303.



OF WESTEEN SIND. 279

8. Temnechinus stellulatus, Duncan 6f Sladen : p. 304.

9. Gajensis, Duncan Sf Sladen : p. 305.

10. Lepidopleurus hemisphEericus, Duncan Sf Sladen : p. 306.

11. granulatus, Duncan ^ Sladen: p. 308.

12. Hipponoe proavia, Duncan Sf Sladen : p. 310.

13. antiqua, Duncan £/ Sladen : p. 31 3.

14. Echinus subcrenatus, Duncan Sf Sladen : p. 317.

15. Olypeaster profundus (d'Arehiac), Duncan Sf Sladen ; p. 319.

] 6. pulvinatus, Duncan ^ Sladen : p. 322.

17. pelviformis, Duncan Sf Sladen : p. 324.

18. complanatus, Duncan Sf Sladen : p. 325.

19. depressus, Sowerby : p. 327.

20. EcMnodiscus Desori, Duncan Sf Sladen : p. 328.

21. , var. : p. 328.

22. placenta, Duncan Sf Sladen : p. 329.

23. ellipticus, Duncan Sf- Sladen : p. 330.

24. elongatus, Duncan Sf Sladen : p. 331.

25. sp. : p. 329.

26. sp. : p. 331.

27. Echinolampas Jacquemonti, d'Arehiac Sf Haime : p. 332.

28. spheroidalis ?, d'Arehiac : p. 338.

29. ^<i}iu.asi&c G^axA-i, Duncan Sf Sladen : p. 339.

30. sufflatus, Duncan Sf Sladen: p. 339.

31. Moira, sp. ? : p. 342.

32. Meoma, sp.?:'p. 342.

33. Breynia carinata, d'Arehiac : p. 343.

34. Brissus, sp, : p. 354..

Total species described 27

Species not named 5

Varieties 1

Spines of several species unnamed.

III. Description of the Fossil EcMnoideafrom tJie Gdj Series of Strata

in Western Sind.

OrtZer ECHINOIDEA ENDOCYCLICA.
Family CIDARWM

Genus CIDAEIS, Klein, 1734.

1. CiDAKis OPIPAEA, Duncan & Sladen. Plate XLIV, Figs. 1-8,

Form circular, subdepressed, the height being less than two thirds the breadth.

Unfortunately the large type specimen is somewhat crushed and these proportions
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cannot in consequence be given accurately ; but a smaller example (in which the height

would normally be greater) presents the above proportions exactly. When seen in

profile, the inflation at the ambitus presents a very regular curve, full and well rounded,

the contraction of the test being very little, if at all, greater actinally than abactinally.

Ambulacra considerably flexed, rather narrow, contracting towards the apex, and

to a less degree towards the peristome. Poriferous zones rather shallow and not very

deeply sunken, nearly as broad as the interporiferous area. Pores slightly oval trans-

versely, those of a pair separated from one another by a space rather greater than their

own transverse diameter, upon which is present a rather coarse and ill-defined elevation,

limited to the aboral portion of the plate, the adoral margin of the plate having the

appearance of being faintly channelled, but not definitely in connection with the pores,

the feature being mainly produced by the thin elevated ridge developed on the aboral

margin of the adjoining plate, by which the pairs of pores are separated. Near the apex

the ill-defined elevation which separates the pores of a pair becomes more definitely

granular. The two pores on a plate are similar in shape and size : and there are 16 or

1 7 pairs of pores opposite to one of the largest interambulacral plates at the ambitus.

The interporiferous areas are of moderate breadth and are furnished with two rows of

minute mammillated tubercles, placed at the extreme margins of the area, that is to say

one on each plate adjacent to the inner row of pores. On the abactinal portion of the

area the plates bear on the inner side of this small tubercle one still smaller miliary

granule, in regular series ; in the neighbourhood of the ambitus, however, the place of

this granule is occupied by two miliary granules, standing one above the other, so that

the regularity of the uniserial row of the inner miliary granules is unbroken.

The interambulacral areas are rather more than five times the width of the ambu-

lacra at their widest part : and there are two rows of 7 to 8 primary tubercles in each

interambulacrum, the tubercle, however, on the uppermost pair of plates being usually

undeveloped. The primary tubercles are large, perforate, and non-crenulate, and their

bosses are large and extensive, frequently somewhat tumid. The mamelons are broad

and subdepressed, somewhat button-shaped, with the edge slightly bevelled or flattened

in its rounding. The collar is wide and sensibly grooved, the neck is short and thick.

The scrobicules are wide and extensive, circular on the abactinal surface, but becomino-

oval at the ambitus, and in an increasing degree towards the peristome. The scro-

bicular ring is complete, and composed of 15 to 16 conspicuous mammillated granules,

or miliary tubercles, widely spaced. The mamelon of these granules is small, spherical,

and well defined ; the boss broad, subdepressed, and more or less expanded laterally,

and often somewhat undulating in its surface. The scrobicular ring comes so close to

the aboral and adoral margins, and the margin adjacent to the poriferous zone, that

there is only room for single very minute miliaries here and there opposite the inter-

spaces of the miliary granules of the ring. In the case of the margin adjacent to the

poriferous zone the miliaries are rather larger and more frequent, but only a single row
is present, except at the upper and lower corners of the plate, which are filled in with
two or three additional ones. The miliary zone is very narrow, with a well-defined

depression along the zigzag median suture ; and more emphasized depressions occur at
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the places where the horizontal sutures of plates meet the median suture, in other

words, at the corners of the plates. The miliary zone is occupied by a small, some-

what irregular, miliary granulation. The granules are irregular and generally diminish

in size as they recede from the scrobicular ring, but are often irregular both in size and

shape. Here and there some appear to have a tendency towards confluency, indicated

rather by shape than by actual contact, and in some places on a few plates irregular and

ill-defined channels may be traced from the scrobicular ring to the median suture ; but

no constancy can be noted in this character. Not more than three series of miliaries

can be counted between the scrobicular ring and the median suture. The most aboral

primary plate in each column of the interambulacral area has the primary tubercle

imperfectly developed, and the region surrounding- its scrobicule is well granulated.

The peristome is small and pentagonal, 16 millim. in diameter in a specimen 40

millim. in diameter at the ambitus. There is a rather strongly developed notch (still

very minute) at the junction of the ambulacral and interambulacral areas (see Fig. 8,

where the artist has perhaps rendered it a trifle too deep). Unfortunately the apical

disk is wanting in all our specimens; but judging from the aperture presented by the

type specimen (shown in Fig. 1) its size was relatively small for the genus.

MemarJcs. This species is distinguished from any other Indian form with M'hich we

are acquainted. It has some resemblances to the two Cidarids which we have described

from Kattywar*, viz. C. depressa and C. granulata ; but is distinguished from the

former by the narrowness and character of the ambulacra, and from the latter by the

same features, as well as the character of the ornamentation of the primary interradial

plates. In C. apipara the narrowness of the ambulacral areas and the breadth of the

interambulacral areas are remarkable, whilst the large size of the scrobicular areas, the

prominence and isolation of the miliary tubercles of the scrobicular ring, and the

diminutive size and paucity of the general miliary granulation of the interambulacral

plates furnish well-marked characters.

Dimensions. The following are the measurements of four specimens :

—

'

a, I, e. d.

mjllini. miUiin. millim. millim.

Height . . . SOf 295 26-5 ISf

Breadth . . . 53J 43 39-5 31-5$

Localities^. In the Gaj series of strata :

—

i. Four miles south-west of Beynir Hill. Survey-number G ^3-3--

ii. Scarp at Kupo-jo-lak, or pass on the M61 range, west of Shah-beg (same

locality as G ^i^t)- Survey-number G \^.
iii. Naig-Nai valley, twelve miles south of Shah Rhui. Survey-number G \^.
iv, A few miles south of Pir Mangal (Mugger Peer). Survey-number G ^5^.

V. Sita Nai, Khirthar range. Survey-number G -f^.

* ' Tert. Echin. Kachh and Kattywar,' Pal. Ind. Ser. XIY, (1883).

f In these measurements the test is slightly crushed.

J In the measurements thus marked, the test is slightly crushed out of shape, the measurement given

being the mean of the major and minor diameters.

2q
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The specimens received from the two last-named localities are too much weathered

for positive determination ; they present, however, the chief characters of the species,

and we feel little hesitation in referring them to it.

Illustrations of the Species in Plate XLIV.

Fig. 1. Abactinal view of the test : natural size.

2. Profile view of the same test : natural size.

3. Actinal view of a smaller specimen : natural size.

4. Ambulacral plates near the ambitus, from the same specimen as Fig. 1

:

magnified.

5. Ambulacral plates on the abactinal part of the area, from the same

specimen : magnified.

6. Interambulacral plate, from the same specimen : magnified.

7. Portion of an ambulacral area, to show the flexure and the posture of

the plates, from the same specimen as Fig. 3 : magnified.

8. Portion of the margin of the peristome, from the same specimen

:

magnified.

2. CiDABis EXCELSA, Bimcan & Sladen. Plate XLIV, Figs. 9-11.

There are two fragments of a Cidaris test, from diflferent localities, in the col-

lection of Gaj Echini, which, though unfortunately not well preserved, are still

sufficiently marked to indicate that they belong to a species clearly distinct from any

known Indian form, and also, we believe, from any hitherto described from other

Tertiary areas.

In both cases the portion preserved consists of nearly the whole of an interambu-

lacral area, and in one of the fragments half of the ambulacral area on either side is

also intact. The following characters may be observed :

—

Judging from the largest fragment, the test appears to have been high in relation

to the breadth of the interambulacral area ; and the tumidity at the ambitus was not

great.

The ambulacra were slightly flexuous and decidedly broad. Poriferous zones only

slightly sunken, and narrower than half the interporiferous area. Pores transversely

oval, those of a pair equal and similar, placed near together and separated by a

small elevation, forming an indistinct granule. There are 12 to 13 pairs of pores

opposite one of the large interambulacral plates near the ambitus. The interporiferous

areas are broad and ornamented with six longitudinal rows of comparatively widely

spaced miliary granules. There are consequently three granules on each plate : that

which stands adjacent to the poriferous zone is the largest, mammillated, and occupies

nearly the whole of the depth of the plate. The two other granules are quite small

and diminutive, little larger than the mamelon of the one just described, widely spaced,

and standing near the adoral margin of the plate. The great breadth and apparent

nakedness of the interporiferous area is remarkable.

The interambulacral areas are a little more than three times the width of the
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ambulacra (or, more exactly, the ambulacra may be estimated at three tenths the

width of the interambulacra). The width of the interambulacral plates is remarkable,

that of the large plates near the ambitus being proportional to their own length

(i. e. height) as 1 : 0-55. In a similar-sized example of C. opipara, nobis, the plates occu-

pying the same position have their width proportional to their length as 1 : 0"66. The

primary tubercles are rather small, perforate, but not crenulate ; mamelon s mode-

rately prominent, somewhat button-shaped, and with a well-incised neck. The

scrobicules are transversely oval and extend close to the ad- and aboral margins of the

plate. The scrobicular ring is complete, but the granules at the ad- and aboral

margins are pushed so close to the edge of the plate as to appear to be slightly cut

away. The space which intervenes between the scrobicular ring and the poriferous

zone at the ambitus is a little more than half the space which intervenes between the

scrobicular ring and the median suture, and is about equal to the width of half the

interporiferous area. The scrobicular ring is composed of 22 to 24 small miliary

tubercles, indistinctly mammillated and rather closely placed ; the space on the pori-

ferous side of the plate on the one hand and the miliary zone on the other being

occupied by small miliary granules which diminish in size as they recede from the

scrobicular ring, the granules or miliary tubercles composing the latter not being very

much larger than the series of miliaries immediately external to them. This cir-

cumstance goes far to obliterate the prominence of the scrobicular ring, and imparts a

characteristic facies to the form. The miliary granulation on the whole is well spaced ;

and indistinct traces of superficial channelling, forming Jines of granules in single file,

which pass from one scrobicule to the next adjacent, may be discerned here and there.

The sutures of the plates are rather deeply incised, especially where the horizontal

sutures fall into the median suture at the angles of the plates, and suggest more or less

forcibly a Goniocidarid facies in this respect.

Dimensions. In the better-preserved fragment the width of the interambulacral

area at the ambitus is 20 millim. ; the length of the whole fragment 32 millim., which

does not represent the full height of the test.

Localities. In the Gaj series of strata :

—

i. Entering the hills on the road from Jangri to Bula Khan's Thana. Survey-

number G^a^.
ii. Siimbak pass, east side ; three or four miles north of the darwat or gorge of

the Baran Eiver. Survey-number G -3-5°.

Illustrations of the Species in Plate XLIV.

Fig. 9. A fragment of the test : natural size.

10. Ambulacral plates : magnified.

11, Interambulacral plate : magnified.

3. CiDAKis, detached spines of several species. Plate XLV.

There are in the Gaj collection a large number of spines, probably belonging to

several species of Cidaris. Of these it may be said that the majority have a striking

2q2
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Phyllacanthid facies, in so far that they suggest the aspect of the spines of several of

the existing forms referred to that subgenus. The variety of the form of the spines in

the different living species of this subgenus, and the modifications both of shape and

character on different parts of the same test throughout the whole genus are so con-

siderable, that we consider it little more than frivolity and guess-work to assign specific

names to the detached spines with which we have now to deal. This opinion is

strengthened by the fact that we are quite unable to say which are the respective

spines belonging to the two species of Cidaris described on the preceding pages ; and

it is not a little remarkable that whilst tests of Cidaris were found at seven different

localities in the Gaj series, spines were found only at two of these (numbered by the

Survey G ^i^ and G ^i^, at which localities the denuded tests of C. opipara and

C. excelsa respectively were also obtained). Detached spines were met with at four

other localities, but no fragments even of tests were found associated with them.

On Plate XLV we have given drawings of a representative series of the spines

from the Gaj strata : they are faithful delineations of the fossils ; and after the fore-

going remarks the following brief notes on their characters and occurrences will

probably be deemed sufficient :

—

Figs. 1-12 represent a series of spines which recall in the most vivid manner the

facies of spines of the type of the recent Phyllacanthus verticillata, Lamk. sp. The

shaft is thick and massive, ornamented with a coarse, widely spaced granulation, annuli

of larger and more prominent thorn-like granules being formed at intervals. These

characteristic transverse ridges are, however, confined to one side of the shaft, the

unarmed side, if it may be so termed, being occupied by regular longitudinal rows of

uniform small granules (see Fig. 3 a, which is the unarmed side of the same spine as

Fig. 3), often somewhat sharpened along their longitudinal axis and pointed outward;

and the general surface of the spine between the granulation is occupied by very

minute, uniform, microscopic granulation (see Fig. 12 a). Between the transverse

ridges the granulation is widely spaced and more or less irregular, except towards the

base (see Fig. 3 h). The basal articulatory portion of the shaft is small and contracts

rapidly, and the margin is smooth and not crenulated. At the distal extremity the

shaft is frequently flaring and cup-formed. Whether the spines represented by the series

of Figs. 1-12 all belong to the one species it would, in our opinion, be hazardous

to suggest. The spines of this type were procured at the following localities:

—

i. Entering the hills on the road from Jangri to Bula Khan's Thana. Survey-number

G^. ii. Sarochi, three miles north of Pokhan (collected by Earn Sing). Survey-

number G -3^.

Fig. 13 is a large massive cylindrical spine of the character of the recent Phylla-

canthus imperialis and P. duUa ; it is marked with fine longitudinal striations,—the

edges of lamellae ; and the interspaces are filled in with a fine reticulated calcareous

network. The fossil is more tapered at the extremity than the spines of the recent

species we have mentioned, and the calcareous network between the lamellae appears

to be coarser. Furthermore the shaft does not expand as it approaches the collar, the

whole region of the collar being somewhat contracted in our form and of less diameter
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than the shaft generally. Spines of this description, or fragments, were found at

several localities, viz. :—i. Six miles east-north-east of Karachi. Survey-number G ^^.
ii. Entering the hills on the road from Jangri to Bula Khan's Thana. Survey-number

G -g-g-. iii. Sarochi, three miles north of Pokhan. Survey-number G -^g^g^. iv. Base of

scarp four miles vrest of Trak Hill. Survey-number G -g-j--

Figs. 14 and 15 are two Ctdaris-spmes of a rather elongate form, which tapers to

a fine extremity, and shows considerable variation in the prominence and coarseness of

the thorn-like granules of the ornamentation. A large number of examples of this type

were found at a locality four miles south-west of Beynir Hill. Survey-number G -g-g-.

Fig. 16 is a comparatively delicate cylindrical spine, and the fragments we have

'studied indicate no trace either of inflation or tapering, in this respect recalling most

nearly perhaps the habit of the recent C. papillata ; the granulation, however, is small

and definitely granular, and disposed in regular longitudinal lines. Fig. 16 « represents

a portion magnified. There seems little doubt that this form of spine belongs to a

species distinct from any of those hitherto noted. The collection contains only a few

fragments which came from the base of a scarp four miles west of Trak Hill. Survey-

number G-g-g-.

Fig. 17 is a spine of Cidaris about which we have some doubt. It resembles the

fossil given in Fig. 16 rather closely in the style of ornamentation (see Fig. 17a), but

diff'ers both in the collar and in the inflated and subfusiform shaft, and appears to

present nearer alliances to the series to which Fig. 20 belongs. It seems also to differ

too widely both in general habit and character of ornamentation from the spines repre-

sented by Figs. 14 and 15 to be ranked as belonging to the same species, notwith-

standing the fact that it was found in the same locality, four miles south-west of

Beynir Hill. Survey-number G -g^-

Fig. 18 is a small slightly flattened spine which does not belong to Oidaris at all.

It is the only example obtained, and comes from Sarochi, three miles north of Pokan.

Survey-number G -g^.

Figs. 19-28, with the exception of Fig. 24, represent a series of spines selected

from a large number, which we believe to belong to one and the same type, notwith-

standing a great amount of variability in the inflation of the shaft and in the manner

in which the spinulate ornamentation is developed. It is easy to pick out extreme

forms in this series which at flrst sight appear irreconcilable to such a view ; but on

careful study of the material, intermediate forms may be found which more or less

clearly unite the extremes and seem to justify the assumption that all belong to the

same species. Species of recent Cidaris may be pointed to in which the variability

of the spine is quite as great. The spines, which were inferentially referred by

d'Archiac and Haime to their Cidaris halaensis (An. foss. de ITnde, p. 197, pi. xiii,

figs. 3a-/), are unquestionably represented in this series, and Figs. 21, 22, 23, and 28

may be taken as typical examples of that form ; but we can offer no support or con-

firmation to the suggestion of our learned predecessors—indeed, the evidence seems

rather to oppose the correctness of that view. In the Miocene series of Kachh we

have already noticed fragments of a test which we refer to C. halaensis, d'Archiac and
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Haime, and a number of detached spines were also met with in the same measures.

None of, these, however, find a counterpart in the Gaj collection—evidence, though

negative, which goes strongly against the assumption that these spines belong to

C. halaensis. Throughout the series the shaft is more or less inflated in the region of

the lower third, producing a subfusiform profile ; and the distal extremity appears to

have often been flaring and cup-shaped. The ornamentation is more or less spinulate,

and is nearly always larger and more strongly developed on one side of the shaft than

the other. Figs. 22 and 22a represent opposite sides of the same spine; Fig. 22 i a

portion magnified. In some cases the spinulate ornamentation appears to have been

almost monstrously developed, as in Fig. 19, and it would be hard to say, with any

degree of certainty, that this spine was properly placed in this series. It is also

doubtful whether Figs. 26 and 27 really belong to the same species as the rest of the

series ; in both, the inflation of the shaft is very slight, and in Fig. 26 the spinulate

ornamentation is smaller and more numerous than in any of the others. In Fig. 27

the ornamentation is disposed in longitudinal lines, and the thornlets composing it are

very erratic and irregular in their development.

Fig. 24 does not belong to the so-called C. halaensis type. It is a fragment of

what was probably a straight cylindrical spine, with widely-flaring cup-formed

extremity (and figured on that account) ; its ornamentation is comparatively small,

rather widely spaced, and in longitudinal lines. The spines represented in Figs. 19-28

were all found at the base of a scarp four miles west of Trak Hill. Survey-number

G -^2-. Others, similar to some of them, at Sarochi, three miles north of Pokhan.

Survey-number G ^^.
There is a small much broken fragment of a more echinulate spine than any of

those above noticed, which recalls the character of two of the spines we have previously

figured from the Miocene of Kachh (Tert. Echin. Kachh and Kattywar *, pi. viii,

figs, 11 and 14). In this example the ornamentation is sharply echinulate, confined

entirely to one side, and does not show any tendency to form transverse ridges. It was

found six miles east-north-east of Karachi. Survey-number G -j^.

Fatnili/ ARBACIADM, Gray, 1855.

Genus CCELOPLEUEUS, Agassiz, 1840, amended.

The occurrence of species of the genus Cmlopleurus in the Tertiary deposits of

Sind was noticed by d'Archiac and Haime in their great work, and they described

three species. Of these, one had already been described by Klein, and renamed by
Agassiz Coslopleurus equis, and the others were new to science. The distinguished

authors of ' Les Animaux fossiles de ITnde ' considered that all their species of the

genus Coelopleurus came from the Nummulitic strata, but we find that only two of

them came from that horizon. One is a Miocene form, not only in Sind, but also in

* Pal. Indica, Ser. XIV. (1883).
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Kachh and Kattywar. The second Nummulitic species is Coelopleurus Pratti, d'Archiac

and Haime, and the Miocene form is C, Forlesi, d'Archiac and Haime.

We have noticed that the true horizon of the Ccelopleuri in Sind is not so low as

the true Nummulitic limestone ; but it is that of the Oligocene strata of the Nari series,

which contain a few species of Nummulites. No species has been found in the Khirthar

series or in the Eanikot beds, the first named containing the true Nummulitic limestone.

Our descriptions of C. equis and C. Pratti will be found on referring to the

Fasciculus on the Nari Series or Oligocene of Sind *.

In describing the Ccelofleuri of Kachh we redescribed C. Forhesi (page 53), and

we noticed that, as this species occurred in Kattywar, we should consider its details

more carefully in dealing with the fossils from that locality. But on investigating the

forms from that Miocene horizon, we found that there were points about them which

required much more study, and a probable alteration of the generic diagnosis. Hence

we did not give any further information, and we trust that this explanation will be

sufficient.

The specimens of the genus Coelopleurus in the Miocene strata of the Gaj group

are numerous, and some are in a very fair condition of preservation. The forms vary

much in the different stages of growth, and yet those which, on a superficial view,

would be called C. Forhesi, d'Archiac and Haime, can be readily separated from the

others. They are larger and more tumid forms.

Yet there is no doubt that if the specific diagnosis of C. Forhesi, as given in ' Les

Animaux fossiles de ITnde,' be depended upon, the forms cannot come under that

species. MM. d'Archiac and Haime were furnished with most wretched specimens,

in fact, with such as no modern palaeontologist would care to describe. Hence their

diagnosis is correct where they clearly saw details, and just as incorrect where they had

to assume. Whilst we retain the specific name of C. Forhesi, and still associate it

with the names of the distinguished French palaeontologists, it must be understood

that very few of their special characters remain and that the specific diagnosis is almost

entirely new.

Our discovery of the nature of the ambulacral plates in relation to the tubercles,

and the development of the tubercles of the ambulacra, affects the old diagnosis con-

siderably. So does the presence of the perforations at the angles of the sutures of the

ambulacral median line, noticed in the recent forms by A. Agassiz, and the presence

of a tag on either side of the ambulacra, at the peristome.

1. C(ELOPLEUEUS FoEBESi, d'ArcMuc & J. Haime, amended. Plate XLVI, Figs. 1, 2,

4, 7, 9.

The test is large and tumid, and rather high ; above the ambitus the slope is but

slight to the apical disk, and this slope commences where the diameter of the test is

greatest. From this part there is a gradual narrowing down to the surface upon which

the test rests. Actinally the test is very slightly convex and tends to be flat, and the

comparatively small peristome is in the midst of a decided concavity, or, in other words,

* Pal. Indica, Ser. XIV. (1883), Tert. EcMn. of Kachh and Kattywar.
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the edge of the peristome is at a higher level than the surface just mentioned. The

breadth of the test greatly exceeds the height, and the contour from above is nearly

circular, an apparent angularity being sometimes given by the projecting tubercles of

the ambulacra. From below the aspect is circular at the narrowing part.

The apical system is on the top of the low slope upwards, from the widest part of

the test ; it projects with a different slope from that of the test below, and is well

developed. The periproct is large, somewhat elliptical, its long diameter being between

interradium no. 3 and ambulacrum no. 1. The basals are large and form the anal

ring; they are slightly raised into a marginal ring which is ornamented with a

continuous row of close granules, and they are perforated for the ovarial duct, either at

mid-distance between the periproct and their adoral angle, or in the outer third of

their length. The pore is large and may or may not have a raised rim. The adoral

angle of a basal extends well into the interradium, and only slightly more adorally than

the radial plates close by.

The greatest breadth of a basal plate is at a little distance from the anal edge, and

all the sides are slightly and symmetrically concave, and the three angles on either side

of the plate are distinct and moderately open. The madreporite is in the largest plate.

The radial plates are large, broad as a rule, broader than high, and the sides, which are in

contact with the basals, are slightly outward curving, whilst the adoral sides are slightly

concave. The adoral edge is concave, and has a centrally downward projecting and

more or less sharp granule, which is continued on to the upper surface of the plate as

a part of the ornamentation, and also downwards and inwards so as to separate the

optic tract into two parts. Hence there is no pore on the surface of the radial plate,

but there are two, one on each side of the inwardly projecting process at its adoral

edge, and they are more or less hidden. The outer angles of the radial plates corre-

spond with the position of the second pair of ambulacral pores. In some radial plates

there is a double curve at the adoral edge, and then the process occupies the inter-

mediate projection. The radial plates never enter the anal ring.

The apical plates are thick and closely sutured, and it may be noticed in some

specimens that there is a furrow over each suture which is crossed or not by the ridges

and furrows of the ornamentation. The ornamentation of the apical system is of large

granules, some solitary and bluntly conical, others in series, and most more or less

united to form ridges with intermediate furrows. The ornamentation radiates laterally

from a greater or less tubercle of the third order, which is on each basal plate between

the genital pore and the granular rim of the plate. There is often a little group of

granules at this spot and it forms a centre of radiation. Several ridges and inter-

mediate grooves pass outwards and slightly adorally, cross the basal plate to its outer

edge, and become continuous with a series of ridges and grooves which are upon the

contiguous radial plate. Usually there is little or no ornamentation on the basals

adorally to the pore ; but there are exceptions to this, and there may be a row of small

miliaries close to the edges of the plate. The ornamentation of a fully developed basal

plate consists of the row of nearly separate granules close to the anal edge, a few small

granules a little adorally to these, a tubercle of the third order, and lines of ridges and



OF WESTERN SIND. 289

grooves passing from these outwards and slightly downwards, to cross the sutures of

the radial plates on either side. Then comes the pore, with or without a raised rim,

and there may be granules adorally to the pore.

The ornamentation of the radial plates is mainly continuous with that of the

basals on either side. On a fully developed radial there is a central discontinuous ridge,

broken up here and there into elongate and conical granules, ending adorally in the

projection already noticed as having a relation to the optic pores. On either side of this

vertical ridge and granule-tract are two or even three ridges and grooves, placed

obliquely, and corresponding with the basal structures. Usually a ridge is near the side

of the radial plate, and it may have no relation to a basal one.

The ambulacra are well developed, are tumid, and project more than the interradia

above the ambitus, have a few small primary tubercles abactinally reaching up to the

radial plate, and carry very large primaries at the ambitus and just below. Petaloid

above, the ambulacra are rather broad at the peristome, and nearly as much so as the

interradia ; moreover, the peristomial margin has a rather deep concavity between the

last pair of tubercles ; and there are slight cuts on either side of the ambulacra, which

are deeper than the concavity just mentioned, and a part of a cut and of the tag that

passes up from it, externally to the pores, belongs to an ambulacrum.

On the abactinal surface, at the level of the third and of the fourth interradial

plate, the ambulacra are slightly narrower than the interradia; at the ambitus the

difference is less, especially in full-grown specimens.

The poriferous zones are broad and nearly straight down to the first large

tubercle, and then they become exceedingly irregular and form a series of arcs

with the concavity towards the tubercles; but near the peristome there is a

disposition to form oblique series. There are no extra plates near the peristome,

and throughout the zones there is an arrangement in triplets, except close to the

radial plate.

The plates of the ambulacra, in their poriferous parts, are large and broad ; they

are of nearly equal height near the radial end, and increase in height to the ambitus.

There is a still greater increase in height in the plates of the triplets of the great

tubercles, and a gradual diminution of those below the last great tubercle down to the

peristome, where the plates are very low.

The pairs of pores are large after the second pair ; they are wide apart vertically,

and there is an obliquity in their direction, even very high up in the ambulacrum, and

this becomes decided at the ambitus. The pores are usually large and wide apart ; but

they are smaller and closer near the peristome, where the aboral pore of each pair is

placed much higher in the plate and only a little to the outside of the adoral pore,

which occupies the usual position at the lower suture of each plate. There is a rapid

diminution in the size . of the plates and of the size of the pores near the peristome

;

but the plates are broad there, extend into the tag, and the pores are remote from the

outer or interradial suture.

The interporiferous area is narrow near the apex, increases gradually to the part

of the tumid circumference where the diameter of the test is the greatest, and then

2b
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gradually diminishes, but not to a point ; for, as has been noticed, there is a rather

broad peristomial termination.

The area is crowded with great tubercles, which begin just above the ambitus and

reach below it. Above there are a few smaller yet well-developed tubercles, and

actinally they diminish to the peristome, where the crowding is greater than it is

above. Still smaller primary tubercles occur at regular intervals close up to the radial

end, and the first great primary, smaller, however, than the next in succession towards

the ambitus, is clearly higher up on the test than the highest great tubercle of the

interradia.

In full-grown individuals there are at least eighteen fully-developed tubercles, and

about four or five which are small and imperfect in their arrangement of the triplets.

Eight of the perfect tubercles are very large and the rest decrease in size to the peri-

stome, but they are unlike the apically situated small tubercles in shape and pore

arrangement. In all the mamelon is small, has a constricted neck surrounded by a

shallow groove, and a large conical inward and upward sloping boss, which has a wide

flat base, which may extend quite to the edge of the plate, or leave a narrow space there

at the median line of the zone for a single row of small granules. This row of granules

may extend on to the line of suture between the successive plates on either side of the

median line.

The perfect primary tubercles consist, as is usual in the genus, of a large primary

plate which carries the mamelon and the greater part of the boss and all of it near the

median line of the area ; and of two demi-plates, one placed abactinally, and the other

actinally in relation to the central primary of the compound plate.

These demi-plates form the aboral and the adoral flanks of the boss of the

tubercle, but do not enter into the composition of the mamelon. Neither do the

sutures of these demi-plates come in contact in any way. As is usual in the genus, the

suture or edge of the aboral demi-plate, which is indented by the inner pore of the

pair, passes inwards up the side of the boss to reach the groove at the abactinal edge of

the neck of the mamelon, and it then passes either directly abactinally, or abactinally

and slightly externally (Plate XXXIX, Fig. 12, Nari Series). In the first case the

suture will end by joining the adoral sutural line of the plate immediately higher in

the test, and in the other the suture will pass so as to reach the adoral pore of the

higher plate. The adoral demi-plate is of the same shape as the other demi-plate. Its

aboral suture is of course in contact with the adoral edge of the poriferous part of the

central or primary plate of the triplet, and after being in relation with the adoral pore

of the primary, its line of suture passes up the boss to the groove at the edge of the

neck of the mamelon and then turns either directly actinally, or actinally and slightly

externally, so as to reach the line of suture between the consecutive great tubercle-

bearing plates, or to reach its own adoral pore.

The shape of the central plate of the triple combination is very remarkable. The
poriferous part, situated between the poriferous parts of the demi-plates above and
below, extends from the interradial edge inwards and includes the space as far as the

edge of the tubercle. The rest of the plate comprises the portion of the tubercle
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bounded above and below by the sutures of the demi-plates, and further, towards the

median line of the ambulacrum, it forms the whole of the rest of the tubercle and the

granular edges.

The size of the poriferous part varies according to the position of the edge of the

tubercle, and frequently the adoral pore comes in contact with and even indents it. Then
the size of the poriferous part is small. The other part occupies the inner half of the

compound plate, and therefore the greater part of the tubercle, all the mamelon, and

the greater part of the groove around it. A line drawn vertically, over the top of the

mamelon and reaching from the aboral to the adoral suture of one of these tubercle-

bearing plates, will nearly bound the inner expansion of the central or primary plate,

all between the line and the inner sutures of the plate belonging to it. So that the

large central primary plate of the triple combination, or compound plate, consists of a

narrow outer part placed between the demi-plates, and of a large inner expansion which

extends over the inner half and more of the great tubercle.

Near the peristome, where the height of the triple combinations diminishes, the

aboral and the adoral demi-plates are more rectangular in shape, and the inner line of

suture of both of them is nearly vertical in its direction. In this region the central or

primary plate of each combination is small, although it bears the bulk of the boss and

all the mamelon. Whilst in all parts, of the ambulacrum remote from the peristome,

the plates are perforated by the aboral pore of the pair close to their outer or interradial

edge, near the peristome the perforation is remote and nearer the median line, the outer

edge of the plate forming a part of the " tag."

There is some slight obliquity of the direction of the pores of each pair in relation

to the first large tubercle-bearing plate, and the aboral pores are at a slightly higher

(abactinal) level than the adoral. This obliquity is more distinct at the second tubercle,

and its lower pair of pores are often decidedly on a slant, the aboral pore being higher

up the test than the adoral.

The obliquity increases in every pair of pores towards the peristome, and close to

the margin the aboral pore is nearly vertical to the other, but a little on one side of the

vertical line.

There is some variation in the amount of the obliquity of the pores near the

peristome, but it is always decided. Moreover there is an interesting alteration in

the relative position of these peristomial pores, for instead of being close to the

base of the tubercle, as in the large tubercles, they are decidedly removed from it,

and the adoral pore does not touch the tubercle.

Again, the aboral pores of the large tubercular plates are close to the edge of the

poriferous^ plate, but as the tubercles diminish in size towards the peristome, the aboral

pore gets further away from the interradial edge, so that there is some extent of plate

between it and the edge.

This closing in of the pores upon a contracting tubercle is accompanied by an

alteration in the shape of the demi-plates of each triple combination. The demi-plate

above, and also that below the tubercle-bearing one, become nearly rectangular in

shape, the angle of the sutures (inner) is nearly or quite a right angle, the direction of

2e2
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the inner sutures is nearly vertical, and the upper and lower margins of the demi-

plates are nearly horizontal, instead of converging more or less. The plates become

small as they approach the margin of the peristome, are slightly inverted, and the

last is a small demi-plate the adoral pore of which is incomplete and opens at the

peristome.

The outer part of the smaller poriferous plates near the peristome extends suffi-

ciently to form part of the surface of the prolongation of the small branchial cut which

may be termed a " tag." The termination of the ambulacra at the peristome is slightly

incurved and reaches slightly nearer the centre of the actinal space than the ends of

the interradia, which are straight and narrow. There is a concave edge to the inter-

poriferous area at the peristome, and immediately a little transverse projection of the

test is passed, towards the ambitus, there appears a large central pit, and it is evidently

on the median suture between two tubercle-bearing plates. In well-preserved speci-

mens of C. Forbesi the pit is as large as the mamelon of the tubercles close by, and

whilst the base of the pit, or rather its actinal edge, is transverse and straight, the

upper or aboral edge is arched. There are usually five similar pits in each ambu-

lacrum and they are large, shallow, arched when well preserved, and they are placed

at the junctions of the median with the lateral suture.

The arrangement of the plates of the ambulacra is readily perceived at the ambitus,

but it becomes complicated near the radial end, where there is considerable variation

in the succession of small primaries, demi-plates, low primaries, and an occasional large

primary. The arrangement of the plates, in this part, foreshadows and finally merges

into the triple compound arrangement seen at the ambitus.

In a well-preserved specimen of nearly adult size, the following succession of plates

will be found in ambulacrum III. :

—

Taking zone "a" and noticing the nature of the plates from the radial plate

actinally, it is found (Fig. 7, PI. XLVI) that there is the following succession :

Plates 1, 2, 3, 4 are sndall low primaries gradually increasing in size. Plate 4,

a primary, is pushed as it were aborally by the aboral expansion of plate 7, and just

escapes being a demi-plate, for it only touches the median line by a narrow point. Plate

6 is a demi-plate, separated from the median line by the large tubercle-bearing

primary plate 7, and it forms the shoulder of the tubercle and is very small. Plate 7,

a tubercle-bearing primary. Plate 8 is a low primary, and so is plate 9. Plate 10 is a

primary which, were there a greater expansion of the tubercle-bearing plate 12, would,

like its successor 11, become a demi-plate. Plate 11 is a small demi, forming the aboral

demi-plate of a triple combination plate made up of plates 11, 12, and 13. Plate 12
is the tubercle-bearing primary, and 13 is a large demi-plate. After this there comes
the normal compound plate of the ambitus.

In zone " b " the three plates nearest the radial plate are small primaries ; the plate

4 is crowded out from the median line by the abactinal expansion of a small tubercle-

bearing primary 5, and thus plate 4 becomes a demi-plate and is combined with plate 5.

Plate 6 is a primary with a small angular interporiferous part in consequence of

the downward extension of plate 5 occupying much space. This angular primary is
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almost a demi-plate. Plate 7 is a low primary with granules. Plate 8 is a primary with

an angular interporiferous part : for the expansion of plate 10 extends abactinally so

as to crowd out almost the whole of plate 8 and the whole of plate 9, which is a demi-

plate. Plate 10 is a large tubercle-bearing plate with an abactinal and actinal expansion.

The demi-plate 9 forms the shoulder of the tubercle of plate 10. More abactinally there

is a low primary, and then the normal succession occurs at the ambitus of the demi and

primary plates in triplet combination.

As in all species of Ccelopleurus the edges of the large tubercles, at and below the

ambitus, are indented by the adoral pore of each pair, and the line of the sutures on

the boss of the tubercles is indicated either by a depression or by a slit.

Finally in very well-preserved specimens, the poriferous part of the plates has a

very well-developed arched ridge-like costa situate between the pairs, and it may carry

a granule and terminate in one.

The succession of primary and demi-plates noticed in the last pages, although

affording a good example, is not invariable. The following analyses of several ambu-

lacral areas is given with the intention of showing that although the succession of the

plates near where there are large tubercles is arranged and combined in a geometrical

plate—a demi-plate, a large primary with the mamelon, and lastly a demi-plate—still

this arrangement is not seen near the top of the ambulacrum. It commences, however,

in every ambulacrum not very far down, but the distance relates to the age of the test

and in the apparently introductory manner suggested in the long description already

given. In that description the small higher and last formed plates were not considered,

but they enter into the following descriptions.

Ambulacra of a rather large specimen of Coelopleurus Forbesi, d'Archiac, the amb.

No. III. being examined :

—

Zone " «," pi. 1, 2, 3,
4, '5^7? 7,^8^, lOd, 11, 12.

Zone " h," pi. 1, 2, 3, 4, 5, 6, 7, 8d, ix, 10, 11, I2d, Ud, xiv, 15d, 16d, xvii, 18d.

The plates marked " d " are demi-plates, and the others are primary plates ; those

with roman numerals are large tubercle-bearing plates. It will be observed that the

first plates are all primaries ; they are small, but each reaches the median line of the

ambulacrum.

The first little tubercle-bearing plate is 4 on zone " b," and it has small primary

plates above and below. The next is on the zone " a " on plate 6 ; but this tubercle is

larger than that of the higher plate " b " 4, and the result is that the preceding plate

on zone " a," or no. 5, is a demi-plate.

The third tubercle-bearing plate is on zone " b " no. ix, and it is the first of rather

conspicuous dimensions. The fourth tubercle-bearing plate is xi of zone " a," and it

is fairly large. It is preceded by a demi-plate no. 10 ; but the next plate is not a demi,

so that the perfect triple combination does not occur so high up. The fifth large

tubercle-bearing plate is really of considerable size and is no. xiv on zone " b,"

and it is preceded and followed by a demi-plate, so that the triple combination is

complete.
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In another specimen the following is the order of the succession of the plates :

—

Zone ««," 1, 2, 3, U, 5, 6, 7, M, 9, x, lid.

Zone " h," 1, 2, 3, 4, 5, 6, Id, 8, 9, 10, lid, lid, xiii, lid.

The last-noticed three plates of zone " b " form the first triple combination.

Small tubercles are on " a," 5 and on " b," 8 and 10.

The interradia are very slightly broader than the ambulacra, and are depressed

and even slightly caved in above the ambitus, but at the ambitus and below to the

peristomial margin there is hardly any difference between the circumferential dimen-

sions of the two areas. The plates are high except at the peristome, and are nearly

square, or rather are nearly as broad as high when they carry the largest tubercles ;

but all the plates are remarkable for the obliquity of the direction of their aboral and

adoral sutures near the poriferous zones of the neighbouring ambulacra. Near the

peristome the whole plate is oblique and slants down from the median line of the

interradium. This general obliquity is in relation, above the ambitus, with the

obliquity of the pores, and it also relates to the special ornamentation of the outer

part of every coronal plate above the ambitus, and to the position of the characteristic

row of well-developed secondaries lower down.

The outer part of each coronal plate, for about one third of its breadth, is orna-

mented with small secondaries, large and small rounded granules, and with irregulaiv

shaped narrow ridges and furrows.

The second, large plate from the apex has a small secondary on the oblique part

close to the adoral outer angle
;
plates 3 and 4 have each two of these tubercles and in

the same relative position.

Plate 5 has three small secondaries on its extremely oblique adoral and outer part,

and the next plate has four. There may be a repetition of the four tubercles on the

plate below, and they slope round the flank of the tubercle more or less vertically at

last, and this appearance is intensified by the occurrence of a secondary on the outer

and upper part of the plate below. Near the peristome the number of these side

tubercles diminishes from three to two, and then, before the plates become very small,

to one.

These details are usually very constant, and in full-grown specimens the rows of

small secondaries close to the large tubercles are very striking.

There is great diversity in the arrangement of the granules and ridges, however.

There are often rows of large granules placed between the small primaries, and inter-

vening are rows of small granules. The direction of the rows is often the same as that

of the oblique secondaries ; but the granules are placed higher up the plates than the

secondaries. In those upper plates which have not tubercles there is usually a bunch
of close granules halfway up the outer third, and elegant ridges and furrows radiate

from the group and pass over the breadth of the plate to the median line, and then on
to the opposite pkte, ornamenting the adoral or the aboral part of its surface as the
case may be. A zigzag arrangement is thus produced, and the ridges and furrows are

long and very variable in size. Usually the outer third of the plates above the ambitus
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is slightly raised above the general level of the interradium, and there is often a raised

discontinuous ridge bounding the outer part of each plate up to the apex. This ridge

often has a furrow on the median side of it. The granules and the small secondaries are

comprehended in a slightly raised surface near the poriferous zones and external to

the zigzag ornamentation of the rest of the plates.

Large tubercles commence on the eighth plate from the apex as a rule ; but there

is variation on the same test in this respect. There are usually six decidedly large

primaries, and the tubercles become gradually smaller and smaller to where they are

crowded above the peristome.

The coronal plates just above, at, and below the ambitus, are not only well

furnished with distinct and large granules around the edge of the base of the tubercles,

especially aborally, adorally, and along the median sutural lines, but there are also small

and well-developed secondaries in the median line, and especially at the junction of the

other sutures with it. Above the first large tubercles there is, in well-preserved speci-

mens, a very considerable granulation. The shape and size of the primary tubercles is

the same as in the ambulacra.

It is evident that this species can be distinguished by the granulations and small

secondaries of the median part of the interradia, by the numerous small secondaries on

the oblique part of the coronal plates, by the almost total absence of tubercles above

the zone of greatest width, by the continuance of small tubercles to the top of the

ambulacra, and by the tumid and large test.

JDimensions. Height of large specimen 21 millim. ; breadth 38 millim.

Localities. Gaj or Miocene of Sind : Pir Gaji, W. of Sehwan ; Tandra Rahim

Khan, W. of Sehwan ; Gandack Hill ; hill-scarp five miles N. of Shah Rhiii, on the

Naig Nai, S.W. of Jang^ra, Naig Nai valley ; Mendiari, 35 miles N. of Karachi.

Survey-numbers G \\^, G \%^ G ^^-i; G ^i^, G ^i-^, G ^i-^^, &c.

Illustrations of the Species in Plate XLVl.

Fig. 1. The test, side view.

2. A test more tumid than the other.

7. The aboral part of an ambulacrum : magnified.

9. Peristomial part of ambulacrum : magnified.

The drawings of the great tubercles of Coelopleurus Pratti, d'Archiac, on Plate

XXXIX, Figs. 7 and 12 (Nari Series), are also exact representations of the worn and

weathered specimens of Coelopleurus Forbesi, d'Archiac.

C(ELOPLEUKtTS FoEBESi, d'Archiac & Haime. Premature form.

A young form (Plate XLVI, Fig. 4) is 11-5 millim. in breadth and 6 millim. in

height. The test is tumid at the ambitus, slightly conical above, rather pentagonal in

outline when seen from above, and rather incurved actinally, where the peristome is

moderately large.
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The ambulacra project more than the interradia, the primary tubercles of which

are the smallest at the ambitus. The median interradial areas, above the ambitus, are

sunken below the level of a raised line or ridge, composed of a linear series of small

secondaries and granules which occupies nearly the outer third of each coronal plate.

The plates of this part of the test are higher than broad, and are indistinctly orna-

mented with a small secondary tubercle, or there may be two or more of such tubercles,

forming a linear series. Sometimes a small pit is seen in the position of a tubercle.

The sutural lines between the tubercle-bearing plates are very distinct, slightly excavated,

and there is a remarkable denticular interlocking of the edges of the opposed plates.

The direction of the upper interradial plates is transverse. Including the small new

plates in contact with the basal plates, the first primary tubercles are on the fifth inter-

radial plates from the disk. One of these tubercles is larger than the other, and both

are of the usual shape of the tubercles of the genus. The plates are, however, not

with sutures that are uniformly transverse in direction, for their outer and adoral angle

is directed slightly adorally, towards the poriferous zone, close by ; moreover this part

of the plate carries at least two small secondaries.

There are a few granules upon the aboral edges of these plates. The dimensions

of the primary plates diminish rapidly towards the peristome, and they become crowded

there and the interradium becomes narrower. There are at least four large tubercles,

and the couple next to the highest are the largest, namely those of the sixth interradial

plates.

The ambulacra are well developed, and the size of the tubercles at and above the

ambitus is considerable. The pairs of pores are in arcs at the edges of the great

tubercles, and the sutures are in the same direction as in the adult specimens. But

the number of small plates in the interporiferous area towards the radial end is small,

and the development of the triplets occurs high up. The pairs of pores are large and

by no means close, there being two pairs in relation to the first interradial plate and

three to the second ; moreover the direction of the pores is decidedly oblique, and from

the interporiferous area outwards and upwards. In each poriferous plate there is a

broad rather high process, which separates the pores from the aboral edge, or the line

of suture that limits the plate from that immediately above. There is a gradual increase

in size of the pairs until the seventh, when the triplet arrangement becomes evident,

the pairs wider apart, and the pores larger. The following is the disposition of the

plates in one of the ambulacra :

—

No. III. Zone " a
'

-Plate 1, small primary,

2, small primary,

3, small demi,

4, large primary,

5, small demi.

6, small demi.

7, large primary.

8, small demi.

Zone '* h
"—1, small primary.

2, small „

3, small „

4, small „

5, small „

6, large „

7, small demi.

8, small demi.
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-No. III. Zone " a "—Plate 9, small deml.

10, large primary.

11, small demi.

297_

Zone " h "—9, large primary.

10, small demi.

In the zone " a " the tubercle-bearing plates are Nos. 4 and 7, whilst those of the

other zone are Nos. 6 and 9. After the triplets on zone " « " formed by Nos. 6, 7, 8,

comes a very large tubercle-bearing plate composed of plates 9 a demi, 10 a very large

plate, and 11a demi.

In the zone " h " the tubercle-bearing plates are Nos. 6 and 9 and the triplets are

Nos. 5, 6, 7, and 8, 9, 10. The sutures between the great tubercle-bearing plates of

the ambulacra are very distinct, in sunken grooves. At the median line, where the

sutures intersect, there is sometimes a pit even close to the ambitus. Nearer the

actinostome the usual development of the large pit at each angle of the plates

along the median line is seen, and there is no doubt that the shape of the pit is that

of a broad archway with a flat floor. The pits are large for the size of the test. Two
are close together just at the edge of the peristome ; these are the largest, and they are

so well preserved that the little process for the sphseridium is visible. In parts the

denticulate sutural edge of the ambulacral plates is quite visible under a low power.

The pairs of pores are in simple triplets to the peristome and there are no additional

pores in the arcs.

The apical ring is well developed, and the orifice is subcircular and large, and the

whole of the combination of plates is somewhat raised beyond the rest of the test.

The basal plates are large and subequal, with the outer angle rather blunt and

projecting well into the interradial area. The ovarial pores are large, and placed at

about the outer third, and there appear to be the remains of a small tubercle

between each one and the periproct. The radial plates are large, well separated from

the periproct by the junction of the basals, and the adoral edge is concave and has the

relics of a small central downward-projecting process. There is no perforation for the

optic nerve, and this evidently came out beneath and below the concave adoral margin,

and was separated into two by the process just noticed. Unfortunately the ornamen-

tation of the radials has been worn off"; but this erosion has exposed the interesting

denticulate dovetailing of the plates at their lines of sutures. The denticulation is

visible between the basals and the radials and also between these and the first plates of

the interradia.

This small specimen came from the Gaj group ; but the locality is not stated.

Illustrations of the Form on Plate XLVI.

Fig. 4. The test : natural size.

Numerous specimens of a Coelopleurus which, although clearly allied to Ccelopleunis

Forhesi, are not of the same species, are found in the Gaj deposits. The specimens did

not come from the same localities as Ccelopleurus Forhesi, but we are not informed

about there being any difference in the geological horizons of the two sets of forms.

2s



298 THE FOSSIL ECHINOIDEA

2. CffiLOPLEUEUS SiNDBNSis, Dufican & Sladen. Plate XLVI, Figs. 3, 5, 6, 8, & 10, and

Plate XLVII, Figs. 1 & 2.

The full-grown test is large, depressed, moderately tumid, and not high at the

ambitus, and decidedly conical towards the apex. The peristome is small and at a

higher level than the resting part of the test, the cuts are small but distinct, and the

under surface is rather flat. The apical disk is large and rather prominent, and the large

periproct is oblique. The basal plates are large, with a large circular or elongate pore

with or without a raised rim. The radials are also large and imperforate, there being

a median projection on the surface besides the ridges and furrows seen in other species.

The ambulacra are slightly raised above the level of the interradia, above the

ambitus, and are characterized by the large and somewhat irregular granulation of the

interporiferous areas, and by the absence of secondary and small primary tubercles. It

is very exceptional to see a small secondary in this part of the ambulacra, but they may

occasionally replace the normal granules on the larger and primary plates. The large

primaries with tubercles commence just above the ambitus, and at a higher level than

the great tubercles of the interradia. There is distinct granulation along the median

line of the ambulacrum at the ambitus and below, and some granulation just above the

pair of large tubercles. The pairs of pores are large, separated by some surface and

by a raised, arched, granulate costa.

The interradia, slightly depressed between the ambulacra above the ambitus, are

limited there, on either side, by a raised vertical line of furrow, ridges, granules, and

small secondary tubercles, and these last become more numerous towards the ambitus.

This lateral granulation is comparatively uniform, and may resemble the ornamentation

of the interporiferotis areas close by. The tubercles at the ambitus are of the

same size as those of the ambulacra, and project as much, so that the circumference is

circular. There is a considerable large granulation amongst and around the great

tubercles of the interradia, and there are small secondaries at the median line as well

as near the poriferous zone close by. The crowding of these granules just abactinally

to the aboral large tubercles is very decided.

The ornamentation of the disk is in some young specimens "very exaggerated.

JHmensions. Breadth 34 millim. ; height 20 millim. Breadth 37 millim. ; height

22 millim. A half-grown specimen: breadth 26 millim.; height 16 millim.

Locality/. Gaj or Miocene series of Sind. Tandra Rahim Khan, west of Sehwan ;

Naig Nai valley, three miles S.E. of Tong. Survey numbers G ^i^, G ^^, G ^o"-

Illustrations of the Species in Plate XLVI.

Fig. 3. The test ; natural size.

5. Another test.

6. The apical disk : magnified.

10. The abactinal part of an ambulacrum : magnified.

Illustrations of the Species in Plate XLVH.

Fig. 1. The test, from above,

2. A radial plate: magnified.
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3. C(ELOPLEUEUS SiNDENSis, Buncan & Sladen. Plate XLVI, Fig. 6 (young form).

Description of a young form, about one half of the size of the matured indi-

vidual :

—

The test is low, nearly flat above, where there is a very slight rise from the

ambitus, tumid at the sides, and rounded actinally where the test is narrowed, and is

concave, with a reentering surface. The greatest width is above the ambitus and

where the slight slope begins to the apex from the sides. From that zone the test

slopes very gradually at first to the narrowed surface on which it rests, and then the

surface becomes nearly flat, the convexity being but slight towards the small peristome.

The outline of the test is nearly circular from above, and there is no projection of the

ambulacra at the upper part of the test, and indeed the only elevation there is the

raised series of structures that line the interradia near the poriferous zones. The flat

ambulacral surface is very well defined, and the angle made by the poriferous zones is

not large. The general absence of tubercles of any considerable size above the position

of the greatest breadth of the test is very striking.

The apical disk is very developed, and the star-like form, produced by the long basals

which trespass upon the interradia very considerably, is well marked. The orifice for

the periproct is rather large and circular, and there is no prominent ring-like edge to it.

Nevertheless the edge of the periproct is high and the basals slope gradually but decidedly

to their adoral ends. The madreporite is in the largest and the perforated portion is

restricted to a space aboral to the ovarial pore, and reaching not quite to the anal edge.

Between the madreporite perforation and the periproct the surface is ornamented with a

few large rounded granules, mixed with some smaller, and all are close and irregularly

placed, except towards the radial plate No. III. where there is a slight linear set of

granules directed outwards and adorally. The largest of the granules is close to the peri-

proct, and is about mid-distance between the lateral sutures of the basal. The next basal.

No. 3, has the same kind of large and small granules as the other, and although they

are wanting at the angle beyond the pore, they are in decided oblique rows elsewhere,

and the direction of the close granules is outwards and downwards, so as to put the

lines of the ornamentation in continuity with that of the radial on either side. There

is a relic of a large granule in the same relative position as in the madreporite. There

is also a slanting in of the anal edge and an ornamentation of the part. Basal No. 4

is well developed in the specimen, and there is no doubt that in it, as well as in the

less preserved basals, the pore is placed on a conical elevation about one third of the

whole distance from the angle to the periproct. The ornamentation is of a few separate

granules, many of which have become fused, as it were, and are in continuous short

oblique lines that have the same relative direction as in the last-mentioned basal.

This obliquity is seen on all the basals. The ornamentation of basal No. 1 is very

profuse, and there are five rows of oblique sets of large and small granules on one side

of the rather tumid plate ; the elongation of some of the granules is very distinct. On
the other side the ornamentation is less in amount, but is quite as well defined. Nearly

twenty granules may be counted on this basal between the pore and the anal

edge.

2s 2
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The radials are large, and extend adorally not very far from a circle which might

limit the angles of the basals. The radials are broader than high and are pentagonal

in shape. The aboral lateral edges are slightly curved, v?ith the convexity in contact

with the concavity of the basal on either side. The adoral and lateral sides are short

and inclined downwards and inwards, and are not in curves, whilst the lower or adoral

edge is broad and arched, with the concavity towards the ambulacrum. This adoral

edge is marked centrally with a projection that reaches a little adorally, and is in the

median line of the commencing ambulacrum. This projection covers the position of

the exit of the optic nerve, as is usual in the Coelopleuri, and as the plate is not

superficially perforated there is reason to believe that the nerve was divided, as in

the recent Arbacia, according to Loven. The projection is continuous with a ridge

made up of more or less coalesced small granules, which divides the surface of the

radial from the apical angle of it downwards. Several more or less distinct ridges

and intermediate grooves pass from this ridge obliquely outwards and apically, and

others are parallel with the free sides of the plate, and reach the concave adoral edge.

This oblique ornamentation is more or less continuous with that of the basal plates

in direction. There are usually two of these oblique ridges very well seen ; but there

is some variation on different plates in the strength of the ornamentation, and even the

central ridge may be absent. The adoral third at least of the free edge of the radial

plate is in relation with the apical end of the ridge of granules and very small tubercles

which bounds the ambulacrum, and ornaments the outer third of every interradial plate

towards the apex.

The ambulacra are not so broad as the interradia. Above the area of the great

tubercles the interradia are only very slightly depressed below the level of the ambu-
lacra, and these are very slightly tumid. It has been already noticed that the angle

formed by the poriferous zones at the radial end is narrow, and in fact the interpo-

riferous area is not broader than the poriferous zone at the level of the eighth pair of

pores. In ambulacrum No. III. the breadth does not increase decidedly until the

tenth or eleventh poriferous plates, and they are the first of triplets on which a large

tubercle is placed. The breadth is greatest where the tubercles are the largest, and it

diminishes towards the peristome. Here the breadth is nearly equal to that at the

tenth pair on the abactinal surface, and the margin of the ambulacrum is a double
adoral curve between the small and broad branchial cuts. This part projects into the

peristomial space more than the interradia, and there is a concavity at the median line

of the ambulacrum, the edge of which is separated from a large sphferidium pit by a very
slender horizontal process, which is between the last of the small tubercles. There are
seven large tubercles in one ambulacral zone and eight in the other, and of these three
are very large and projecting. The rest are smaller, and diminish in size to the
peristome. But above the upper large tubercle there is scarcely any development of
tubercle, for although the plates are arranged as in the species in which there are well-

developed tubercles in the abactinal part of the ambulacrum, the tubercles are either
ill developed or are rudimentary.
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The following is the order of the succession of the plates in ambulacrum III. :

—

Zone "a"—1, small primary. Zone " b
"—1, small primary.

2, small „ (2, small demi.

3, small „ (3, large primary.

4, small „ 1 4, small „

5, small „ 1 5, large „

6, large „ [6, small „

7, large „ 7, small „

8, small „ r 8, small „

9, small demi. < 9, large „

riO, small „ (lO, small demi,

11, large primary. Ql, small „

[l2, small demi.
<^ 12, large primary.

[l3, small demi.

Taking row " «," the small tubercle-bearing plates are 6 and 7, and the first large

tubercle is composed, really, by plates 10, 11, and 12, these being a large primary

between two demi plates.

The plates 6, 7, and 8 are very instructingly placed, for they form a triplet of

three primaries without any demi plates, as in the instance of the combinations of two

demi plates and a middle primary to form the great tubercles lower down. It is

evident that the crowding and resulting pressure produce the demi plates, and that the

fusion more or less of the ornamentation of the triplet develops the great tubercle.

The original tubercle-bearing plate, although enlarged by the accession of the demi

plates, retains the greater part of the boss and all the mamelon. The tubercles of the

plates marked " small " are little more than large granules, and hence the non-tuber-

culate nature of this part of the ambulacrum of the species.

On zone " b" the first large tubercle is on a triplet of ISos. 11, 12, and 13, and 12

is the large primary, the others being demi plates. But 8, 9, and 10 form a triplet,

and it will be noticed that the highest plate is not a demi but a small primary. Thus

growth and pressure afiected the lower member of the combination and not the upper

one, and the lower became a demi plate, being cut off from the median line. In the

triplet of plates 4, 5, 6, there is no demi plate, but a central large one and an upper

and a lower small plate, all being primaries, however. But the crowding-in of the two

upper plates, or 1, 2, after a large plate, for that part of the ambulacrum, caused

plate 2 to become a very small demi.

With regard to the ornamentation of the ambulacra at the ambitus, it may be

noticed that the great tubercles have a scanty line of large granules along the line of

the median suture. These granules become rarer higher towards the apex.

The granules are very scanty on the highest large tubercular plate, and a few are

seen on the aboral margin of the plate.

The usual number of large primary tubercles, the result of the combination of
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three plates, seen on an ambulacrum is fifteen, there being eight on one zone and seven

on the other.

Above the highest large tubercle there are some small and rudimentary ones on

the larger of the ambulacral plates within the poriferous zones. Quite at the peri-

stome the last three triplets have their pairs of pores remote from the outer suture of

their plates, and the outer region is a part of the tag-like surface vphich is continued

from the fairly well-marked cut on either side of each atnbulacrum.

The interradia are deprived of large tubercles above the commencement of tbe

upward-sloping part of the test, and the highest of the large tubercles is at a lower

level than the corresponding one of the ambulacrum. In an interradium which is well

preserved (No. II.), the plates are broader than high, and their sutural lines are grooved

;

the transverse direction of the plates is decidedly oblique, and rather more so than

the direction of the line of the pores close by. The smallest plate at the edge of the

apicaldisk is plate 1 of zone " a," and the first rather large tubercle is on plate 6 ; on

zone " b " the similar tubercle is on plate 5. Both much smaller than a typical

great tubercle, do not cover much of their plate, and have a smaller tubercle close to

their bases and nearer the median line. The rest of the plates is well granulate, and

the granules of the plate of " b " are rather disposed to be in transverse lines. On the

outer edge of the plates, and where there is a continuation of the line of structures that

bounds the poriferous zones of the ambulacra, there is a number of small tubercles

arranged in three vertical rows. These small tubercles are not very close and are

mammillate, one being, moreover, larger than the others. It is this part of the plate

which is decidedly oblique. The plate "a" 5 from the apex, has the relic of a small

tubercle near the median and adoral angle ; the granulation is small and linear and the

direction is oblique to the line of the edges of the plate, and somewhat continuous with

that of the plate just described from zone " b." There are two vertical rows of small

tubercles close to the outer margin, and one tubercle is slightly larger than the others,

which are also circumferential to it. Plate 4 of zone " b " resembles the last plate in

the arrangement of its lines of granules in ridges, and in the existence of a degraded

small tubercle on the inner and adoral angle ; moreover the arrangement of the small

tubercles on the outer edge of the plates is the same.

The other plates are free from vestiges of tubercles, and the inner region of each

has two irregular rows of very small tubercles.

The aboral edges of the larger primary tubercles of the interradia above the

ambitus are ornamented with a row of distinct granules, and there are similar rows
adorally. There is much granulation in the median line, and finally the granulation

amounts to small tuberculation on the outer edge of each plate, where there are two
and in some plates three little tubercles in a vertical or very oblique row. There are

four very large and four rather large primary tubercles in an interradium.

Illustration of the Form in Plate XLVI.
Fig. 6. The apical disk: magnified.
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Family TEMNOPLEURIDM.

Gems TEMNECHINUS, Forbes, 1852.

The great collections of the species of this genus, which we have shown to be

synonymous with Temnopleurus, as used by d'Archiac and Haime, came from Kachh

and Kattywar, and the paucity of forms in the collection of the Indian Geological

Survey from Sind seems to strengthen this opinion. Two new species are amongst the

collection from Sind, and their Tertiary Australian facies is remarkable.

1. Temnechinus Eousseaui, d'Archiac & Haime, sp. Plate XLVII, Figs. 3 & 4.

The reasons for placing in the genus Temnechinus, Forbes, the species described

and named Temnopleurus Eousseaui, d'Archiac & Haime, have been given in the

' Monograph of the Fossil Echinoidea from Kachh and Kattywar,' pp. 51, 56, and 84,

Pal. Indica, Ser. XIV.

A much-worn specimen of Temnechinus Eousseaui, d'Archiac & Haime, sp., is in

the collection from the Gaj or Miocene deposits of Sind, and it belongs to the depressed

variety. We have figured the shape of the part of the test which remains, and also a

magnified view of the ambulacral and interradial plates close to the peristome.

Locality. Entering the hills on the road from Jangri to Biila Khan's Thana.

Survey-number G -<f^.

Illustrations of the Species in Plate XLVII.
Fig. 3. The test: natural size.

4. The interradium and ambulacrum (near the peristome) : magnified.

12. A plate and part of the corresponding ambulacrum : magnified.

2. Temnechinus affinis, Duncan & Sladen.

The interesting species which we described from a well-preserved specimen from

the Miocene of Kattywar is represented in the Gaj series of Sind. The remarkable

ornamentation shown in the illustrations of the species in plate xiii, figs. 11 & 12, of

the ' Fossil Echinoidea of Kach and Kattywar,' Pal. Indica, Ser. XIV, is indicated in a

worn and badly fossilized specimen from Sind. The specimen from this last locality

has the poriferous zones more sunken than in the type ; but this hardly seems to be of

classificatory value. We do not illustrate the specimen, as it is not sufficiently well

preserved, but simply refer to the illustration already alluded to.

Locality. Gaj or Miocene series of Sind. Entering the hiUs on the road from

Jangri to Bula Khan's Thana. Survey-number G -^^.

There is a solitary specimen of a regular Echinoid which has lost the apical disk,

but which otherwise is well preserved. It has the facies of Lepidopleurus (page 306),

but the peculiar shape of the coronal plates is not seen. On the contrary, there are



304 THE FOSSIL ECHINOIDEA

indications, from the position of the transverse swtures, that the form has the usual,

nearly rectangular, plates of Temnechinus.

Were the form more depressed than it is and somewhat polygonal in the outline of

the ambitus, the considerable resemblance of it to Temnechinus lineatus, Duncan, of

the Australian Tertiary deposits would be very striking. But, although clearly distinct

specifically, the two forms are closely allied.

3. Temitechinus stellulatus, Duncan & Bladen. Plate XLVII, Figs. 8 & 9.

The test is turban-shaped and broader than high, the tumid condition of the

ambitus is noticed also higher up, and the shape is not remote from the hemispherical.

The actinal surface is rather flat, and there is some concavity at the small circular

peristome. The ambulacra are narrow, rather tumid from side to side, and the

poriferous zones are very slightly sunken and narrow. There is a vertical row of

small primary tubercles on each side of the ambulacrum, close to the poriferous areas,

and the tubercles have a small imperforate mamelon, and an expanded, low, but tumid

base, the edges of which are either circular or incised here and there. Costa-like

narrow and separate processes pass from the edge of the base of the tubercles, princi-

pally adorally, to reach the small rounded granules which are on the plate placed

adorally to the tubercle-bearing one. Others, which are very short, arise from the

inner part of the edge of the base, and pass to the granules close to the inner side of

the tubercles ; and sometimes there are two or three processes that have an aboral

course to reach the two or three granules placed between the successive tubercles.

The tubercles are placed so close to the poriferous zone that there are no intermediate

granules, and the poriferous zones seem to be well defined from the interporiferous.

Between the rows of the primary tubercles and the granules immediately associated

with them is a rather confused ornamentation of small granules, more or less united

together by radiating and very thin costa-like processes, giving a stellate appearance.

A few large granules are mixed up in this ornamentation and add to the confused

appearance. Near the apical end of the ambulacrum there is often a tubercle

surrounded by a ring of granules, each of which is connected with it by a radiating

process.

The interradia are slightly sunken along the median line, and the plates are

rectangular, and not very high. A row of small primary tubercles, slightly larger than

those of the ambulacra, is placed vertically on either side of the median line, and there

is a tubercle on the centre of each coronal plate. Each tubercle has a small imperforate

mamelon, a broad, flat, and tumid base, and radiating from it numerous processes

pass to an encircling series of granules. Usually these short costa-like processes do

not pass from the tubercle of one plate to that immediately above or below, but the

straight close processes stop at the transverse suture ; nevertheless near the abactinal

part of the interradia this junction may exist. There are two or three rows of granules

placed between the tubercles and the poriferous zones. Between the rows of tubercles,

and especially close to the median line, there is much small granulation, and the

irregularly disposed granules are united by short, slender, and straight processes. In
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some places this stellate arrangement is seen amongst the granules of the space between

the tubercles and the poriferous zones. There is no distinct costulation of or radiating

appearance on the poriferous part of the ambulacral plates.

Dimensions. Height of the test 9 millim., breadth 18-8 millim.

Locality. The Gaj or Miocene series of Sind: Mazarani Nai. Survey-number

G HK

Illustrations of the Species in Plate XLVII.

Fig. 8. The test : natural size.

9, Part of an ambulacrum and interradium : magnified.

4. Temnechinus Gajensis, Duncan & Sladen. Plate XLVII, Figs. 10 & 11.

The test is small, turban-shaped, flat abactinally and actinally, and the peristome

is slightly depressed.

Apical disk wanting.

Ambulacra narrow, flush, and with slightly sunken poriferous zones with simple

pairs of pores. A vertical row of small primaries, with small imperforate mamelons

and broad bases, is close to the poriferous zone on either side. The successive

tubercles are separated by a transverse row of two or three granules, and are connected

with the tubercles of the opposite side of the ambulacrum by lines of granules placed

on radiating narrow ridges, with varying amounts of space between them. Hence the

surface of the ambulacra is covered with a raised ornamentation of a simple character,

and it is connected with that of the interradia by means of costal ridges which cross the

poriferous part and are continued on to the interradial area so as to join corresponding

processes coming from the bases of the primary tubercles.

The interradia are broad, and have a somewhat depressed median line. The

ornamentation resembles that of the ambulacra ; but the primaries are in two rows

only along the line of the centres of the plates, and are connected by long, radiating,

granular, narrow, rounded ridges, between which there is, in some places, a little space

so as to show parts of the test. Usually the test is well covered by the radiating

granular ridges.

The peristome is small and nearly circular.

Dimensions. Height of the test 5 millim. ; breadth 9 millim.

Locality. The Gaj or Miocene series of Sind : Naig Nai valley. Survey-number

a 302^ 40 -

Illustrations of the Species in Plate XLVII.

Fig. 10. The test : natural size.

11. An ambulacrum and interradium, in part : magnified.

Unfortunately there is only one specimen of this species in the collection, but it is

very well marked by the peculiar series of small primaries in the interradia and

ambulacra, and by their simple radiations of coalescing ridges and granules. There

2t
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is little or no difference in size between the tubercles of the two areas. The absence

of the apical disk is to be regretted.

Genus LEPIDOPLEURUS, gen. nov.

Test small, broader than high, nearly hemispherical or turban-shaped. Apical

system large, solid ; basals alone enter the anal ring, and are long vertically ; radials

perforated at their adoral edge. Ambulacra small ;
poriferous zones slightly sunken,

pairs in simple series. Interporiferous spaces crossed by a zigzag of raised granular

ridges uniting the opposite tubercles. Interradial plates angular, with the adoral edge

overlapping and occupying a corresponding cavity in the aboral edge of the plate

below. Two vertical rows of tubercles, and the tubercles of each row are connected by

vertical and narrow ridges. Peristome and cuts small. Ambulacral plates in triplets,

the aboral plate of the composite plate being a low primary; the next below is

a demi plate, very small, and crowded out of the line by the succeeding or adoral

primary, which has an expanded interporiferous part.

Tubercles imperforate and not crenulated.

The angularity and scale-like appearance of the interradial plates, the ridges

between the tubercles, and the sunken sutural lines separate this genus from the others

of the Temnopleuridse.

There are two well-marked species of the genus in the Gaj Tertiaries.

1. Lepidopleueus hemisph^eicus, Duncan & Sladen. Plate XLVTI, Figs. 5, 6, 7.

The test is small, nearly hemispherical, slightly broader than high, rather flat at

the apex, and moderately concave actinally. The apical system is large, flat, and not

projecting, solid, and has a wide ring of basals and radials, the last not entering the

circumference of the round and open periproct. The basals alone form the anal ring,

and they are large, slightly unequal in size, the madreporite being the largest ; there is

an adoral angle and seven sides to each plate, the edge in contact with the periproct

being one of them. The height of the plates is greater than their breadth at the

periproct, and the ovarial pore is large and near the adoral angle. The madreporite

has no pore, and the spongy surface is decidedly convex. The sutures of the plates are

very distinct, and the slope of the surface of the whole system from the faint ring round

the anus to the adoral angles of the basals is slight.

The radial plates are broader than high, widely separated from the periproct, and
are more or less irregularly triangular in outline. The adoral edge of the radial plate

is broad, and has a projection at the median line, on either side of which there is a

curved edge, the concavities of the curves looking towards the ambulacra. The optic

pore is at the base of this projection.

The ambulacra are narrow, petaloid above, open actinally, and they are about one
half of the width of the interradia at the equator ; but at the peristome the breadth of

the ambulacra is only a little less than that of the interradia. The surface of the
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ambulacra is flush with the rest of the test, but the poriferous zone is rather sunken.

The pairs of pores are in a simple vertical line, and, although the pairs combine to

form triplets, any arching is exceptional; no doubling of the pairs ever occurs. The

pairs of pores are rather large for the narrow zone, are wide apart, and unequally so on

account of the different sizes of the plates in a triplet. Well-preserved plates show a

transverse ridge or narrow rounded-off costa placed aborally with regard to the pair of

pores of each plate, and passing not in quite parallel lines from a primary tubercle, or

from a large granule in the interporiferous area, to large granules or small tubercles in

the interradia. As a rule, two of the costse of a triplet arise from the two adoral plates

of the triple combination, or from the part of it which carries the primary tubercle, and

one from the aboral member of the triplet, which usually has a large granule on it.

There is a vertical row of primary tubercles close to the poriferous zone on either side

in the interporiferous areas, and the consecutive broad-based, small-topped tubercles

are separated by one or by two large granules. The small mamelon of the tubercle

contrasts with the broad sloping boss ; there is no perforation, and crenulation does not

occur. But the edge of the expanded base is often indented, for there are the costulate

processes which unite the base with the costse over the poriferous zone, and there are

sometimes others in the opposite direction, which connect the base with small granules

on the same ambulacral plate. Midway between the apical system and the peristome

there is, now and then, an extension of a costulate process from the base of one

ambulacral tubercle to that of its fellow of the opposite side of the interporiferous

area. Here and there there are two large granules, placed transversely, between each

tubercle in vertical succession. But near the peristome the oblique costulation over

the plates of the interporiferous areas is not seen, and the presence of the pair of

intermediate granules is invariable. The ornamentation of this part consists of a small

primary tubercle followed by two granules, and this being repeated several times is very

characteristic. The arrangement of the ambulacral plates is near the radial end in

low primaries, but a little adorally it is in triplets ; the aboral plate of each combina-

tion is a low primary plate (that is to say, it reaches the median line) with a slight

expansion of the interporiferous portion, and this part carries the granular ornamenta-

tion. The next plate, which is of course placed actinally, is a small demi plate, and

it is followed adorally by a primary which has a great internal expansion and which

prevents the plate immediately above, that is to say the demi plate, from reaching

the median line. The last two plates carry the primary tubercle.

The plates of the ambulacra are therefore very dissimilar, appear crowded, and

the sutures are rather sunken and distinct.

The interradia are remarkable for the angular shape of the adoral edge of the

coronal plates, the corresponding aboral parts being indented. The appearance given is

that of scale armour, and it diminishes below the equator, where the plates become

broader, and not so high as they are near the apical disk.

The sutural lines of the plates are sunken, and the ornamentation is raised, there

being a groove on each plate just below the aboral edge in the median line; whilst the

primary tubercle of each plate is in the median line of the plate, and rather towards

2t2
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the adoral edge. Nearer the peristome, and where the plates are lower but broader,

the tubercle is at about the centre of the plate.

The edges of each plate are ornamented by a few small secondaries with boss and

mamelon, and there are usually at least three of these near the poriferous zone, and

they are connected with the costulation of the poriferous plates as already noticed;

Other small tubercles are near the median suture, and they are not connected by

ridges with the corresponding parts of the opposite coronal plates; but the small

tubercles which are placed near the adoral and the aboral edges are connected with

the large primary by means of narrow convex ridges separated by still narrower deep

and linear grooves or spaces, and this, more or less, vertical series of ridges may even

extend from the tubercle of one plate to that of the plate above or below. As a rule,

the ridges stop at the transverse sutures. Above the equator there is a triplet of

ambulacral plates in contact with each interradial plate.

The peristome is small, nearly circular, and there are no cuts.

Dimensions. Height 8 millim., breadth 11 millim.

Locality. The Gaj or Miocene series of Sind : Naig Nai valley, 12 miles south of

Shah Ehui. Survey-number G ^q--

Illustrations of the Species in Plate XLVII.

Fig. 5. The test.

6. Part of the abactinal surface : magnified.

7. Part of the ambitus : magnified.

2. Lepidopleueus granulatus, Duncan & Sladen.

The test is turban-shaped, broader than high, tumid close above the ambitus,

sloping without a bold curve to the apical system, and swollen actinally, but concave

at the small, nearly circular, and very minutely incised peristome.

The apical system is slightly projecting above the ordinary curve of the test; it is

solid and rather large, the height of the basals from their adoral angle to the periproct

being well developed. The periproct is surrounded by a decided ridge, and is not

large. The basals have the pore large and near their adoral angle, and the madrepprite

has its surface swollen and raised above the level of that of the other basals. It has a

pore beyond the spongy part and close to the angle. The radials are broader than

high, are tumid adorally, and there are the relics of a minute granulation upon them.

The optic pore is close to the adoral margin.

The ambulacra are narrow, flush with the rest of the test ; but the poriferous zones

are sunken slightly and narrow. The pairs of pores are nearly in straight series, and

are only slightly in simple ill-defined arcs. Or in successive series of oblique triplets.

There is no doubling of pairs ; and near the peristome the breadth of the ambulacra

is small, and a little less than that of the interradia. The breadth of the ambulacra, a

little above the ambitus, is considerably less than the interradia there. There is a

vertical row of small primary tubercles on each side of the interporiferous area, close

to the pores, and the tubercles are with a broad base which slopes up gradually to
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the small imperforate mamelon. In the space between the consecutive tubercles there

is a row of two or three rather large granules in a transverse row. Between the

tubercles and along the median line of the area there are a few rather indistinct large

and small granules united to the base of the great tubercle by costa-like ridges. Some

granules situated at the actinal and abactinal edges of the plates are often connected

to the tubercles by the ridges.

The arrangement of the tubercle-bearing triplet of ambulacral plates is as in the

generic definition.

The interradia are broad between the apex and the peristome, and the plates of

the part above the ambitus are with a median and adorally projecting angle, the usual

generic scale-like appearance being very decided when there has been some weathering.

The sutures are distinct and sunken, and the primary tubercles are in a vertical row,

there being a tubercle in the centre of every one plate of the interradia, with a large

base and a small mamelon. Just above the ambitus the rest of the plate unoccupied

by the large tubercle is closely packed with rounded granulations, some of which are

between the poriferous zone and the tubercle. These last are united to the small costse

of the poriferous zone. At the actinal surface the great tubercle of a plate has the

granules more or less in ill-defined circles around it, and there is often a costulation

between them. The tubercles of the interradia are rather larger than those of the

ambulacra; but both sets are small. The radiation of the costa-like processes is often

visible from a tubercle close to the peristome to the granules between it and the

poriferous zone of the ambulacrum. There are fifteen plates on one side of an inter-

radium, and three times that number of large and demi plates belonging to the

ambulacra.

Dimensions. Height 7 millim., breadth 11 millim.

Locality. The Gaj or Miocene series of Sind : Mazarani Nai. Survey-number
n. 298" 5 •

The arrangement of the plates of the interradia and ambulacra, the character of

the apical disk, the small peristome with very slight cuts, the sunken sutures seen in

some places, and the costa-like union of the tubercles and granules link this form with

the last.

The distinctions of a specific character are the multigranular plates above the

ambitus without costal unions, the simpler ornamentation of the ambulacra in the

median line, and the presence of a third intermediate granule. The shape of the test

also adds to the differences between the two species.
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Subfamily TBIPLEGHINID^.

Genus HIPPONOE, Gray, 1840.

(Syn. Tripneustes, Agassiz, 1841.)

Test of large size, tumid, and often subconoid.

Ambulacral areas very broad, nearly equal, or subequal, to the interradial areas.

Poriferous zones very wide. Pores arranged in three distinctly spaced vertical series,

the external ones regularly vertical, the median series sporadic.

Primary tubercles imperforate and not crenulate, small and numerous, arranged in

horizontal rows in the interradial areas, forming also more or less regular vertical series.

Small secondary tubercles distributed between the three vertical rows of pores.

Peristome small and subcircular ; with deeply indented mouth-slits.

J. HippoNOE PEOAViA, Duncan & Sladen. Plates XLVIII & XLIX, Fig. 1.

The test is of large size, and was probably circular in marginal contour, slightly

depressed, the height being a little more than two thirds of the diameter ; convex

abactinally and probably with a tendency to become conoid towards the apex ; with

great tumidity at the ambitus, which passes gradually over on to the actinal surface,

where the test is slightly concave.

Ambulacral areas remarkably broad, their width at the ambitus being greater than

that of the interradial areas ; and they are flush with the general surface of the test.

The poriferous zones are straight and of great breadth, being a shade broader than the

width of the interporiferous area ; thus at the ambitus of the large type specimen the

breadth of the interambulacral area measures 49 millim., the whole ambulacral area

50'75 millim., and the poriferous zone 17 millim. The pores form three distinct,

vertical, and widely spaced series ; the inner and the outer row are almost regularly

uniserial, whilst the disposition of the pores in the median series is more or less

sporadic, with a tendency to fall into oblique triplets. The manner in which this

arrangement is efiiected, and the position of the pairs of pores upon their respective

plates will be readily seen on referring to Fig. 4.

The ambulacral plates are very short, their height being not more than one tenth

or one twelfth of the breadth, and each is normally composed of three poriferous plates,

each of these contributing a pair of pores to one of the three vertical series above

described. Their arrangement is after the following manner :—The inner end of each

ambulacral plate, which occupies the interporiferous area, is composed of what we may
speak of as the primary poriferous ossicle

; passing the eye along the aboral margin of

the plate, and traversing it from the inner extremity of the line outwards, it will be
noticed that as soon as the poriferous zone is reached the aboral margin commences to

be gradually scooped away, this part of the plate being, along the greater portion of the
breadth of the poriferous zone, a mere thin band, less than one third the height of the
compound plate. The portion thus scooped away is occupied by two low demi poriferous

plates in the form of band-like wedges. At the outer end of the composite ambulacral
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plate it will be noticed that the median plate of this triplet is the highest (^. e. forms

the broadest band) ; this is the most adoral of the two demi poriferous plates, and

the one which is immediately superposed on the primary poriferous plate ; its pair of

pores, which are borne close to the outer end, go to form the outermost of the three

vertical rows in the poriferous zone. The second demi poriferous plate is the most

aboral of the triplet, and bears near its median region the pair of pores which fall in

the median or sporadic vertical series. The primary poriferous plate (the most adoral

plate of the triplet) bears the pair of pores which stand in the inner of the three

vertical series of the poriferous zone, and are situated rather nearer the centre of the

plate than one third of the distance from the inner to the outer end. On carefully

examining an ambulacral area it will be observed that not infrequently one ambulacral

plate (^. e. a composite triplet, as above described) simulates the character of a demi

plate in relation to the next adorally adjacent ambulacral plate, in so far that the

breadth of the " simulating " triplet is reduced from the adoral margin on the inner

part of the plate, the part thus apparently cut away obliquely being occupied by

the increased primary poriferous plate of the subjacent triplet ; the whole of

the upper of these two ambulacral plates thus simulating the character of a simple

demi poriferous plate in an Echinoid triplet, relatively to the underlying (^. e. more

adoral) ambulacral plate. Occasionally the increase of the one primary poriferous

plate to the sacrifice of the primary of the next aboral plate {i. e. triplet) is so great

'

that this latter is excluded altogether from reaching to the median suture of the inter-

poriferous area. At first sight these plate arrangements are very puzzling, and need

careful study before they can be traced. The various features mentioned above are

represented in Fig. 4.

The primary tubercles which ornament the plates are small, subequal, imperforate,

and non-crenulate ; and those of the ambulacral regions are very little smaller than

those of the interradial areas. On the interporiferous areas there are six vertical rows

of primary tubercles, which also form regular horizontal rows of three ; these are equi-

distantly spaced and disposed in the following noteworthy manner :—The two tubercles

nearest the poriferous zone stand on the same primary poriferous plate, whilst the third

tubercle, which is next to the median suture, is placed on the next aboral primary

poriferous plate. The succeeding aboral primary poriferous plate bears no tubercles
;

and this disposition is maintained very prevalently throughout the right-hand column

of the ambulacral area. In the left-hand column the three tubercles often form an

oblique series, with a tubercle on each succeeding plate ; and very frequently the

posture of the respective tubercles seems singularly independent of the plates, in being

placed either midway on the horizontal suture, or with the boss only encroaching more

or less on the neighbouring plate. This slight but remarkable diversity in the

arrangement of the tubercles of the interporiferous area in the right-hand columns of

the ambulacral area is to be seen in all the ambulacra which we have been able to

examine in the example under notice. In the poriferous zones there are three vertical

rows of tubercles of the same size as those in the interporiferous area. Two of these

are located between the outermost and the median vertical rows of pores, whilst the
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third is between the median and the innermost vertical series of pores. The vertical

rows are maintained with great regularity, but there is considerable irregularity in the

respective posture of the tubercles of the two rows between the outer and the median

series of pores. Frequently two of these tubercles stand in horizontal line, and are

well spaced from the next pair, but frequently the tubercle of one vertical row is not in

horizontal line with the corresponding tubercle of the other. The tubercles which

stand between the median and the inner vertical series of pores appear to be placed

regularly opposite the interspaces between the tubercles of the innermost of the two

vertical series of tubercles which occupy the space between the outer and the median

series of pores, and are also in horizontal line with the nearest tubercle on the inter-

poriferous area. In addition to these primary tubercles a few small miliary (but still

mammillated) tubercles occur irregularly upon the ambulacral plates. There are five

ambulacral plates opposite one of the interradial plates at the ambitus, and consequently

five of the pairs of pores belonging to the outer vertical series.

The interradial plates are broad but short, their breadth at the ambitus being

more than five times the length, the actual dimensions being 25 millim. and 4*5 millim.

respectively. Each plate bears a horizontal line of uniform and equal-spaced primary

tubercles, slightly larger than those on the ambulacral areas. In the neighbourhood

of the ambitus there are seven tubercles in this horizontal line, the position of which

upon the plate is rather below the middle. At the end of the plate adjacent to the

poriferous zone an additional primary tubercle of equal size to those described stands

near the aboral margin of the plate, immediately over the interspace between the two

first tubercles of the horizontal line, there being thus eight primary tubercles on each

plate at the ambitus ; as the plates recede from the ambitus, however, the tubercles of

the horizontal series nearest the poriferous zone diminish to the size of mere secondary

tubercles, or disappear altogether, which causes the horizontal line of tubercles to

appear to take a sharp angular bend at the extremity near the poriferous zone. Some-
times in the larger plates near the ambitus there is a small secondary tubercle in the

extreme aboral corner of the plate, close to the poriferous zone ; and an irregular line

of mammillated miliary tubercles stands on the aboral margin, whilst a few irregularly

disposed and very much smaller simple miliary granules are distributed on the vacant

portions of the plate.

Unfortunately neither the peristomial nor the apical regions of the test are

preserved.

Bemarks. We refer to this species, although with some doubt, a fragment, con-

sisting of part of an interradial and an ambulacral area. It belonged to a much smaller

test than the type-specimen above described. The interradial plates at the ambitus
bear a horizontal row of five primary tubercles and a distinct line of miliary tubercles

along the aboral margin, the one nearest the poriferous zone being the largest of these.

The tubercles are more numerous and much more closely placed than in considerably

larger examples of the allied species H. antiqm, described below ; and on these grounds
we consider it probable that the fragment belonged to a young test of E. proavia. The
fragment in question is figured in Plate XLIX.
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Dimensions. The large type specimen measures 185 millim, in its greatest diameter,

and 146 millim. in the lesser diameter. It has been crushed laterally. The height of

the specimen in its present condition is 98 millim., and, as far as can be judged, the test

when perfect was not much higher.

Localities. In the Gaj series of strata:—i. Mendiari, thirty-five miles north of

Karachi. Survey-number G -4^-.

ii. Eavine on the south-east of Bill, twelve miles north of Shah-beg (the coral

zone). Survey-number G -4^^.

Illustrations of the Species in Plates XLVIII. & XLIX.

Plate XLVIII.

Fig. 1. Profile view of the test : natural size.

2. Actinal view of the test : natural size.

3. Interradial plates, to show ornamentation : magnified.

4. Part of the ambulacral area to show the composition of the plates

:

magnified.

4 a. Diagrammatic sketch of ambulacral plates, to show the disposition of

the ornamentation : magnified.

Plate XLIX.

Pig. 1. Fragment of a small test, probably belonging to this species : natural

size.

2. HiPPONOE ANTiQtTA, DtMcan & Sladen. Plate XLIX, Figs. 2-4.

The test is usually of a medium size, but attains, when well grown, rather large

dimensions. Its form appears to be subject to great variation, some specimens being

considerably depressed and with the abactinal surface more or less conoid ; whilst

others are much higher, decidedly tumid at the sides, and with very little, if any, trace

of the conoid form towards the apex. The first-mentioned forms appear to be chiefly

large examples, and the more globular tests the smaller ones. It is, however, difficult

to indicate with certainty the shape of the test, as all our examples are either crushed

or fragmentary ; the species may be said with safety to be extremely variable in many

points, like its modern representatives.

The ambulacral areas, which are flush with the general surface of the test, are of

great breadth, their width at the ambitus being only a little less than seven tenths of

the width of the interradial areas ; they contract gradually towards the apex, where

their outline becomes narrow and pointed. The poriferous zones are straight and of

great breadth, being nearly as broad as the width of the interporiferous area ; thus at

the ambitus of the largest specimen the breadth of the interradial area measures

43 millim., the whole ambulacral area 29 millim., and the poriferous zone 9 millim.

The pores form three distinct, vertical, and well-spaced series. The pores of the inner.

2u
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row are regularly uniserial. The disposition of the pores of the median series is

sporadic, with a slight tendency to form oblique triplets, the feature being specially

noticeable at the ambitus, and becomes much less regular on the upper part of the

series. The outer series of pores are nominally uniserial, but show slight irregularities

here and there, and do hot form quite as strictly regular a vertical line as the inner

series. The ambulacral plates are very short, their height being not more than from

one tenth to one twelfth of the breadth ; and each is composed of three poriferous

plates, the adoral one a large primary, and the other two low band-like demi plates,

each of these contributing a pair of pores to one of the three vertical series above

described. The general character and the method of the arrangement of the poriferous

plates accords so closely with those of H. proavia, which we have discussed at length

on the preceding page, that it is unnecessary to again describe them in detail. It is

interesting, however, to note in this species, in the neighbourhood of the ambitus of the

large specimen, that what might be considered as the true compound ambulacral plates,

from their appearance and the posture of the zigzag suture in the median radial line, are

in reality composed of three compound ambulacral plates, which individually simulate

primary poriferous plates ; these apparently true compound ambulacral plates being, in

other words, built up of three triplets of poriferous plates. Each of the three compound

ambulacral plates which simulate primaries extend up to the median suture ;
but the

middle " compound " of the trio is the largest at the inner end, expanding in depth as

it approaches the median suture, and causing a corresponding diminution there of its

ad- and aboral companion compound plates which simulate primaries. In the large

specimen under notice this character may be traced throughout the greater portion of-

the ambulacrum, though in the upper region it is sometimes indistinct and sometimes

interrupted altogether, the zigzag median suture being very slightly bent and irregular.

The primary tubercles which ornament the plates are small, subequal, imper-

forate, and non-crenulate ; and those of the ambulacral areas are very little smaller

than those of the interradia. On the interporiferous areas there may be said to be

four vertical rows of primary tubercles ; but these do not form horizontal rows, and only

the two outer rows are strictly regular ; the tubercles of the two inner rows are much

less numerous and alternate with one another, and are often smaller than the tubercles

of the outer rows. Two or three compound ambulacral plates stand between each of

the tubercles which form the outer vertical series ; and the inner series of tubercles

are almost always borne on these intermediate plates, and not upon the same plate

as the outer tubercle. The inner tubercles scarcely extend further than midway

between the ambitus and the apex, the outer series only reaching the apex and the

peristome.

There are nominally two vertical series of tubercles in the poriferous zones : one,

which is the most regular, being situated between the outer and the median vertical

rows of pores ; whilst the other is in the much narrower space that intervenes, between

the median and the innermost vertical series of pores. Much irregularity occurs in the

spacing of these tubercles and in their size, and numerous small miliary tubercles are

interspersed. There are four ambulacral plates opposite one of the interradial plates
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at the ambitus, and consequently four of the pairs of pores belonging to the outer

vertical series.

The interradial plates are broad but short, the breadth at the ambitus being rather

more than four times the length {i. e. depth), the actual dimensions being 21-5 millim,

and 4-75-5-0 millim. respectively. Each plate bears a horizontal line of uniform and

widely-spaced primary tubercles, very slightly larger than those on the ambulacral

areas. In the neighbourhood of the ambitus there are four tubercles in this horizontal

line, the position of which upon the plate is rather below the middle. At the end of

the plate adjacent to the poriferous zone an additional primary tubercle, of equal size

to those described, stands near the aboral corner of the plate, and there are thus five

primary tubercles on each plate at the ambitus ; this additional upper tubercle, how-

ever, is not found on more than five or six plates above the ambitus, and on the upper

ones even of these becomes reduced in size to a small secondary. The first tubercle of

the true horizontal series (next the poriferous zone) does not extend beyond two

thirds of the distance between the ambitus and the apex, and it is the second tubercle

only whose series extends from the peristome to the apex, this tubercle being the sole

occupant of the five or six upper plates of the interradial area ; the third tubercle

extends about as far as the first above mentioned, but appears to maintain its size

better, the tubercles of the first series diminishing rapidly as they approach their upper

limit. The fourth or innermost tubercle does not extend much beyond halfway

between the ambitus and the apex. Consequent on this disposition of the tubercles,

there is a median naked and slightly depressed or trough-like area in the uppermost

• region of the interradia. A number of widely-spaced miliary tubercles are present

on the plates, and a more or less definite horizontal series occurs along the aboral

margin of the plates, at least near the ambitus and a little below.

The peristome is tolerably wide, decagonal, impressed, with the actinal surface

swelling tumidly between the peristome and the margin of the test ; and the diameter

is a little more than one fourth that of the test (23 millim. in a specimen whose

diameter is 80 millim.). The mouth-slits are deeply cut, and extend as far as the

level of the fourth tubercle in the ambulacral area. The notches are narrow and have

a conspicuous raised rim, most prominent on the interradial side, where there is also a

considerable thickening near the upper third of the length ; this causes the notch to

have a slightly curved appearance, as if bending towards the interradium. On its

embouchure into the peristome the notch expands rather rapidly, its interradial side

being more cut away than the ambulacral. The peristomial mirgin of the ambulacral

areas is nearly straight, very faintly indented at the median line, and is nearly twice as

broad as the interradia.

The apical disk is not preserved in any of our specimens.

Young form. A small test, 56 millim. in diameter and 40 millim. in height

(slightly crushed), presents all the characters of the adult form in the structure of its

ambulacral areas, and is unmistakable. The specimen unfortunately is so badly

preserved and so much destroyed by weather-action, that it is quite unfitted for

description,

2u2
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Variations. Reference has been made to the variability of the form of the test of

this species. The general type may be said to be depressed, with the abactinal surface

subconoid, suggesting the habit of the recent Pseudoboletia. Examples of this form

bear the Survey-numbers G^j^^ G-^; and a smaller specimen, which perhaps may

be classed in the same category, is marked G ^^. A relatively higher and more

globular test, of smaller size than the type, is marked G-^Q-^nd G^r', in other

respects these examples accord in their structure with the details described above.

Fragments of a high test, bearing the Survey-number G -g-g-, are remarkable for pre-

senting in conjunction with that character a decided tendency to a subconoid form in

the region of the apex, and in having a very distinct depression or wide trough-like

encurvature along the median interradial areas on the abactinal surface, causing the

test to appear somewhat melon-shaped. The tuberculation was probably less widely

spaced than in the type forms of Hippono'e antigua ; but the fragments are unfortu-

nately in a very bad state of preservation, and have been long exposed to the action of

weathering. With more satisfactory material it may perhaps be found necessary ulti-

mately to distinguish this form as a distinct variety, but for the present we abstain

from giving it a name.

RemarJcs. This species is distinguished from H. proavia by the depressed and

usually subconoid form of the test, by the narrow ambulacral areas, and by the widely

spaced tuberculation of the interradial plates, and the consequently smaller number of

tubercles on each plate.

Dimensions. The greatest diameter of the type specimen measures 127 millim.,

and the height is about 54 millim. ; but the test has been so greatly crushed that little

value can be placed upon the last measurement. A small example, which is only a

little crushed, is 82 millim. in diameter and 46 millim. in height ; whilst the frag-

ment of another test, which does not appear to have been distorted, represents a test

which we estimate at 95 millim. in diameter, and about 47 millim., or probably rather

less, in height. A fragment of the high variety with interradial depressions measures

65 millim. in height, and belongs to a test rather more than 92 millim. in diameter.

Localities. In the Gaj series of strata:

—

i. About three miles south-east of Tong. Survey-number G ^^^.

ii. Scarp of the Mol Plateau, west of Kund (the same scarp as G(\^V). Survey-

number G "T^.

iii. Near the Habb Eiver. Survey-number G -j^.

iv. Hill-scarp five miles north of Shah Rhiii, on the Naig Nai, south-west of
Jhangara. Survey-number G -^j^.

V. Mol Plateau, fourteen miles north of Shah-beg. Survey-number G -^^

Illustrations of the S'pecies in Plate XLIX.
Fig. 2. Abactinal view of the test : natural size.

3. Actinal view of a smaller specimen: natural size.

4. Profile ^'iew of the same fragment : natural size.
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Genus ECHINUS {Rondel), LinnS, 1758.

1. Echinus subceenatus, Duncan & Sladen. Plate XLIX, Figs. 5 & 6.

The test, which in its present state is considerably crushed, was probably much

depressed, and with the marginal contour subpentagonal.

Ambulacral areas rather more than half the breadth of the interambulacral areas

at the ambitus, where their proportion is about five ninths of the latter, as the ambu-

lacral area measures 7*5 millim., and the interambulacral area 13*25 millim. at the

ambitus, in the specimen under notice. The ambulacral areas contract gradually as

they approach the apex. The poriferous zones are rather broad, with the pairs of pores

disposed in regular oblique triplets, the obliquity decreasing as the apex is approached.

The ambulacral plates are comparatively low and broad, their height at the ambitus

being about one third of the width. Each is composed of three poriferous plates, the

adoral and aboral ones being primaries, and the median a small wedge-formed demi

plate, which does not quite reach the middle of the compound ambulacral plate ; the

suture which bounds the adoral poriferous plate passes slightly upwards from this

point and obliquely, reaching the median ambulacral line near the middle of the

aboral facet of the inner end of the ambulacral plate. The ambulacral plates bear

one primary tubercle, placed close to the poriferous zone, and the series form a straight

and regular vertical line on each side of the interporiferous area, extending from the

apex to the peristome. The boss of the tubercle is of small elevation, but occupies

nearly the whole of the depth of the plate, and is surrounded by a faint scrobicule.

The mamelon is rather large and semiglobular, with scarcely any neck ; it is imperforate

and there is no crenulation. At the ambitus each plate bears a second tubercle nearly

as large as that just described and precisely similar, placed near the inner end of the

plate. Passing upwards towards the apex, these inner tubercles rapidly diminish in

size, and cannot be traced much further than midway between the ambitus and the

apex. Three or four tolerably large miliary granules, and frequently one or two

irregular small ones, are present on the plates. One of the larger ones is usually placed

near the aboral margin, and one on the adoral margin opposite the interspace between

the two large tubercles above noticed ; and frequently two small granules stand on the

aboral margin over the inner large tubercle. A miliary tubercle is in association with

the pore triplets, and is borne on the small median demi plate.

The interambulacral plates are wide and low, their height at the ambitus is

one fourth of the breadth, the measurements being 1*75 millim. and 7 millim. re-

spectively. The actual measurement of height remains constant up to the apex, but

the breadth diminishes step by step on the abactinal surface until at the third coronal

plate from the apex the breadth and the height are nearly the same, viz. 1-75 millim.

The plates at the ambitus bear one primary tubercle, larger than the rest, and placed

slightly on the outer side of the middle line of the plate ; and this tubercle is the only

one whose series forms a continuous vertical row extending from the apex to the

peristome, the size being maintained throughout, and is a little larger than the primary

tubercles on the ambulacral plates, but similar in character. On the inner side of this
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tubercle, on the plates at the ambitus, there are two other primary tubercles, that

next to the large one first noticed being slightly smaller, and the one nearest the inner

end of the plate still smaller. Th.e small inner tubercle is not found on more than

five or six plates above the ambitus, and the one next to the large tubercle does not

extend to the apex, but is reduced to little more than a granule when it reaches the

upper part of the area. On the outer side of the large primary tubercle are two

moderate-sized secondary tubercles, placed vertically in relation to one another ; and

the series formed by these extend nearly to the apex. On the plates immediately at

the ambitus there are frequently two similar, vertically placed, but smaller, tubercles,

standing between the first-mentioned pair and the poriferous zone, and close to the

latter ; sometimes, however, there is only one. These small secondaries do not extend

much above the ambitus, though a small granule, usually standing opposite the end of

the adoral primary plate of an ambulacral plate, is so placed that it might be ranked

in this series ; but this is by no means regular in its occurrence, and does not extend

much further than midway between the ambitus and the apex. A line of small

mammillated granules, rather widely spaced, stands close to the aboral margin of the

plate, indeed so close that frequently a part of the boss appears to be cut away, and a

somewhat crenulate character is thus imparted to the margin of the plate. A few very

minute miliary granules surround the scrobicule of the large primary tubercle, and a

granule of irregular occurrence may stand opposite the interspaces between tubercles,

near the adoral margin of the plate.

Apical disk and peristome unknown.

Bemarks. At first sight this species suggests an affinity to the form we have

named Grammechinus regularis from the Miocene of Kattywarf, on account of the line

of granules abutting on the aboral suture of the interradial plates, and appearing as if

partially cut away. On closer observation, however, the tuberculation and the

character of the two forms are generically different, and we see no reason for removing

the species under notice from the genus Echinus.

Dimensions. The greatest diameter of our type specimen is 35 millim., but is some-

what affected by crushing ; from the same cause it is impossible to give the true height

of the test: in its present condition it measures about 17 millim.

Localities. In the Gdj series of strata :—
i. North of Babba band, five miles east of Kadeji. Survey-number G ^^.
ii. Scarp of the Mol Plateau, west of Kund (the same scarp as G \^). Survey-

number G -f^.

The specimen from the latter locality is a fragment in a very bad state of preser-

vation and scarcely determinable ; it is therefore referred to the species with doubt.

Illustrations of the Species in Plate XLIX.

Fig. 5. Abactinal view of the test : natural size.

6. Ambulacral and interambulacral plates a little above the ambitus : mag-
nified.

t Tert. Fobs. Echiu, Kachb and Kattywar, p. 82, pi. xiii. figs. 7 & 8.
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Or^^r ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family GLYPEASTRIDM

Subfamily EUGLTPEASTRIN^.

Genus CLYPEASTER, Lamarck, 1801.

The types of MM. d'Archiac and Haime's Clypeaster profundus and C. Halaenis,

which are preserved in the collection of the Geological Society of London, are worthless,

weather-worn specimens upon which it is scarcely possible to base any critical determi-

nation. They are valueless in a case of specific comparison, and we shall therefore not

attempt one in the present instance.

Amongst the great number of examples of Clypeaster obtained by the Survey

from the Gaj strata in Sind, there is a large series which we consider to belong to one

species, notwithstanding the excessive amount of variation occurring within its limits.

The study of the recent species of Clypeaster has taught us how great the modification

of external form in this group may be ; and it is therefore not astonishing to find a

similar plasticity of habit in the series of fossils referred to : although in the present

instance it is carried to such a degree that scarcely two examples precisely alike could

be selected from a series of over fifty specimens.

It is our opinion that the two species of d'Archiac and Haime referred to above,

are both immature forms, which would take their place in the series under notice, if

the types were good enough for comparison. On these grounds we propose to describe

the mature, and what seems to us characteristic, form of the series in question under

the name of C. profundus, solely from our wish to avoid multiplying names unnecessarily

and our unwillingness to rob our illustrious predecessors of one link in the chain which

binds their names to posterity,

1, Clypeaster profundus {d'Archiac), Duncan 8f Sladen. Plate L, Figs. 1-4.

Marginal contour subpentagonal with the angles rounded, longer than broad in

the proportion of 1 : 0"913. The greatest breadth is opposite the termination of the

antero-lateral petals ; the lateral sides are very faintly incurved as they contract towards

the posterior end, whilst the margin of the odd posterior interradium is rather more

decidedly incurved. At the margin the test is very thin, and more or less undulating

in consequence of being slightly tumid in the prolongation of the radial areas ; the

abactinal surface passes from the margin with a very gentle slope at a small angle

of declivity, until it reaches the extremity of the ambulacral petals, where it rises

abruptly to form an arched dome of considerable elevation, which comprises the whole

region of the petals. Seen in longitudinal profile, the posterior declivity of the dome



320 THE FOSSIL ECHINOIDEA

is greater than the anterior, whilst the slope of the test from the dome to the margin

is rather more rapid anteriorly than posteriorly.

The apical disk is subcentral, or very slightly excentric in front. The ambulacral

petals are short, wide, petaloid, very full and widely rounded, almost closed at the

outer extremity, and prominently tumid. The odd anterior ambulacrum is slightly the

longest : and the antero-lateral pair are subequal to, or very slightly shorter than, the

posterior pair. The greatest width of the paired petals is opposite to, or even a little

beyond, the commencement of the outer third, and is proportional to the length as 5 : 8,

the actual dimensions of the postero-lateral petal in the example under description

being 24 millim. long, and its greatest breadth 15 millim. The poriferous zones are

very wide on the outer part of the petal, their breadth increasing gradually from the

apical extremity until within a few pairs of pores of the outer extremity, the latter

diminishing rapidly. The conjugating furrow which unites the pores of a pair is faint

and indistinct, and its position is very oblique in relation to the zone, the degree of

obliquity increasing as the outer extremity is approached, until the outermost pairs of

pores are nearly parallel with the median axis of the ambulacral area. The intervening

costse are low and rather narrow, and are ornamented with a row of 5 or 6 small primary

tubercles widely and equidistantly spaced amongst the close granulation. The broadest

part of the poriferous zone is 4 millim. and is wider than half the interporiferous

area at that place. The widest part of the interporiferous area is nearer midway

between the extremities and measures 7'5-8 millim. in the antero-lateral petals, and is

a trifle broader in the posterior pair. The odd anterior petal is generally similar in

detail to the paired petals just described, excepting that it is not so full, or rounded so

abruptly, at the outer extremity. The distance of the paired petals from the margin is

about equal to their own length.

The interradial areas are extremely narrow and band-like near the apex, on

account of the expansion of the petals. The ornamentation of the interradia and inter-

poriferous areas consists of very small primary scrobiculated tubercles, with the inter-

spaces about equal to, or occasionally very slightly greater than, the diameter of the

scrobicules, the interspaces being filled with small, but distinctly spaced and definitely

semiglobular, uniform, miliary granules.

The actinal surface is concave, with the peristome deeply impressed ; the concavity

commencing very near to the margin and increasing gradually inwards, the surface

lying between the peristome and the margin being individually gently convex. The
ambulacra are in shallow widely-expanding grooves.

The periproct is small and perfectly circular, situated rather more than its own
diameter away from the margin.

Bemarks. This species is readily distinguished from any of the other Indian Cly-
peasters by the abruptly elevated dome-shaped region of the ambulacral petals. It is

perhaps nearer to C. Scillce, Desmoulins, from the Miocene of Corsica &c., than any
other form, but is very diflferent. In C. profundus the petals are shorter and further
removed from the margin, the elevated abactinal dome more prominent and abrupt, the
margin much thinner, with its contour less indented in the interradia; and finally the
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actinal surface is much more widely concave, and not plane with a sudden depression to

the peristome as in C. Scilloe.

Variations. We have already remarked on the amount of variation that occurs

within the limits of the large series of specimens which we regard as belonging to this

species. The variation chiefly affects the marginal contour, the degree of convexity of

the abactinal surface, and the character of the interporiferous area of the petals. The

marginal contour is more definitely pentagonal and broader in some examples, more

elongate and produced anteriorly and with a tendency to a suboval form in others ; and

the amount of interradial incurvature is likewise variable. The distinctness and the

amount of elevation of the abactinal dome is much greater in some examples than

in others, and this apparently irrespective of age. In others, again, the distinct character

and abrupt rising of the " dome " is more or less merged in the general convexity of the

abactinal area. The amount of tumidity of the interporiferous area of the ambulacral

petals is also subject to variation, and appears to be proportionately less in small speci-

mens. It may here be mentioned that there are about half a dozen medium-sized

examples, the largest 72 millim. in length, from different localities, in which the inter-

poriferous areas are comparatively narrow and in which the tumidity is almost, and in

some cases quite, wanting. After carefully studying the material at our disposal, how-

ever, we do not feel warranted in removing these examples from the present species, as

intermediate forms may easily be selected. We consider it probable that one of

d'Archiac and Haime's forms would rank along with these just mentioned, whilst the

figure of C. profundus given in the Anim. foss. de ITnde (pi., xiv, fig. la and Ih) well

represents the variety under notice. C. Halaensis is also an immature form in which

the petaloid tumidity is developed ; and it is only just to observe that MM. d'Archiac

and Haime themselves appear to have had doubts (loc. cit. p. 208) as to the reality of

the difference of this species from C. profundus. It should here be remarked that in

quite young examples, 28-40 millim. in length, which we consider to belong to this

species, the tumidity of the petals is rarely ever present, and then only in a very feeble

degree ; whilst from the general form, character, and occurrence of these small tests

we have no hesitation in referring them to the series under notice.

Dimensions. Length of the test 92 milHm., breadth 84 millim., height 24 millim.

Localities. In the Gaj series of strata :

—

i. Myhir scarp, Habb valley. Survey-number G ^^.

ii. Scarp of the M61 Plateau, west of Kund (the same scarp as G ^^). Survey,

number G^f.
iii. Scarp at Ktipo-jo-lak, or pass on the M61 range, west of Shah-beg (same locality

as G ^li). Survey-number G ^^^\.

iv. Ten miles north of Shah-beg. Survey-number G -^.

v. About three miles south-east of Tong. Survey-number G ^^.

vi. Four miles south-west of Beynir Hill. Survey-number G ^3-.

vii. Scarp six miles south-east of Shah-beg. Survey-number G ^i^-.

t This specimen is marked G ^ ; as no such Survey-number occurs in the list of Gaj specimens, it is

probably an error of the marker, intended for Gc ^^t.
2x
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viii. Upper portion of scarp four miles west of Trak Hill. Survey-number G ^^.
ix. Naig-Nai valley, twelve miles south of Shah Rhiii. Survey-number G ^^-
X. Eavine on the south-east of Bill, twelve miles north of Shah-beg (about 30 feet

below the coral zone). Survey-number G -^^.

xi. A few miles south of Pir Mangal (Mugger Peer). Survey-number G 302
51

xii. Entering the hills on the road from Jangri to Bula Khan's Thana. Survey-

number GYr-
xiii. Eight miles sowth -of Jai^ri, east side of the Siirjana range. Survey-number

fl 280

xiv. Hills east of Thana Shah-beg (nearingPani gumbok from the west). Survey-

number G ^.
XV. Six miles east-north-east of Karachi. Survey-number G ^x^t-
xvi. Amra Hill, Barri Nai, Shikapur district. Survey-number G ^^,
xvii. Pir Gaji, west of Sehwan. Survey-number G -H'X-

xviii. Tandra Eahim Khan, west of Sehwan. Survey-number G^^.
xix. Nine miles north-west of the town of Karachi Survey-number G -^^ J,

Illmstrations of the Species in Plate L.

Fig. 1. Abactinal view of the test : natural size.

2. Longitudinal profile of the same : natural size,

3. An ambulacral petal : magnified.

4. Ornamentation of the interradial plates on the abactinal surface : magnified,

2. Cltpeasteb pulvinatus, Duncan & Sladen. Plate L, Figs. 5 & 6.

Marginal contour elongately subpentagonal, with the angles tumid and rounded,

and the intervening areas more or less incurved. The length is proportional to the

breadth as 1 : 0"773, and the breadth opposite the extremities of the anterior pair

of petals is about equal to that opposite the extremities of the posterior pair. The
lateral sides are distinctly incurved, and also the posterior margin, but to a less degree.

The anterior margin has a rather arched or produced appearance, converging as it

proceeds forwards, and the incurving of the anterior interradia is scarcely perceptible.

The margins are very thick and tumid, especially in the radial regions. The abactinal
surface is subdepressed, but is slightly convex in the region of the petals, and the latter

have also a more or legs tumid tendency. In the interradia, at a little distance from
the margin, there is a slight .concavity which emphasizes the tumidity of the margin as
well as the convexity of the central area. Seen in longitudinal profile the anterior
slope is much less rapid than the posterior, and the anterior margin is also much thicker.

The apical disk is subcentral. The ambulacral petaLs are long and broad
lanceolate, rather widely open at the outer extremity. The odd anterior petal and the
posterior pair are nearly equal in length, and the anterior pair are slightly shorter.

t A very young example, nearly hidden in matrix, which may not belong to this species,

X A single specimen in bad condition and mor^ or less doubtful.
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The greatest width of the petals is about midway between the extremities, and is pro-

portional to the length as 1 : 1"85, the actual dimensions of the posterolateral petal in

the example described being 25 millim. long and 135 raillim. broad. The poriferous

zones are very wide outwardly, and their breadth increases step by step until within

eight to ten pairs of pores from the extremity ; it then very gradually diminishes until

the last one or two pairs of pores, which diminish rapidly and give a somewhat rounded

character to the termination of the poriferous zone. The inner pores are round and

the outer pores only very slightly oval or subpyriform near the outer extremity of the

petal ; they are united by an indistinct and shallow conjugating furrow, and the inter-

mediate costse are ornamented with five or six small scrobiculated tubercles, closely placed

and often with a little irregularity in their disposition. The broadest part of the

poriferous zone is 3-5 millim. and is equal to half the breadth of the interporiferous

area at that place. The widest part of the interporiferous area is nearer the apex than

midway between the extremities, and measures 9 millim. or a fraction less. The odd

anterior ambulacrum is similar in all respects to those above described, the length

being a little greater, and the poriferous zones perhaps not attaining quite so great a

breadth. The distance of the paired petals from the margin is greater than half their

length, but in the case of the odd anterior petal the distance is greater.

The interradial areas are very narrow and insignificant on quite the inner half of

the abactinal area. On the outer portion their ornamentation consists of small scrobi-

culated tubercles, with the granular interspaces between the scrobicules on the average

not greater than the diameter of the scrobicules. At the margin and on the actinal

surface the scrobicules are closely placed and only separated by a narrow dissepiment.

On the interporiferous areas the scrobicules are usually separated by spaces less than

their own diameter in width.

The actinal surface is concave, the depression commencing at a little distance from

the tumidity which is found surrounding the margin, and continues to the mouth

without curvature. The ambulacra on the actinal surface are in rather deep well-

defined grooves.

The peristome is small and subcentral ; the periproct small, circular, and not more

than its own diameter distant from the margin.

Eemarks. In general appearance this species looks like a gigantic C. scutiformis,

but is distinguished from that form by its more pentagonal marginal contour, by the

different form of the petals, as well as by its size.

Dimensions, Length of the test 84 naiUim., breadth 65 miUim., height 18 millim.

Locality. Tn the Gaj series of strata : Ravine on the south-east of B H, twelve

miles north of Shdh-beg (about 30 feet below the coral zone). Survey-number G^^l,

Illustrations of the Species in Plate L.

Fig. 5. Abactinal view of the test : natural size.

6, Longitudinal profile of the same ; natural size.

2x2
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3, Clypeaster pelvipobmis, Duncan & Sladen. Plate L, Figs. 7-9.

Marginal contour suboval, or with a slight pentagonal tendency in large specimens.

The posterior angles and the posterior margin are rather flatly truncate, whilst the

remainder of the contour is well rounded. The length is greater than the breadth in

the proportion of 1 : 0'9, and the greatest breadth is opposite the termination of the

antero-lateral petals. The general form is low and subdepressed, but the margins are

thick and tumidly rounded ; and the abactinal surface rises from thence to the apex,

forming a slightly conical convexity of low elevation aind with gentle declivities.

The apical disk is central. The ambulacral petals are moderately long and wide,

petaloid, suboval in contour, and rather widely open at the outer extremity. There is

a slight depression in the interradial areas, which gives a faint suggestion of tumidity

to the petals; although strictly these cannot be described as tumid. The odd

anterior petal and the postero-lateral pair are subequal in length, and the antero-

lateral pair are slightly shorter. The greatest width of the paired petals is about

midway between the apex and the extremities, and is proportional to the length as

11:20, the actual dimensions of the postero-lateral petal in the type specimen being

20 millim. long and its greatest breadth 11 millim. The poriferous zones are very

wide, and the breadth increases continuously from the apex up to within 9 or 10

pairs of pores from the extremity ; 5 or 6 pairs of pores are then of uniform width,

and the zone is terminated by only 3 or 4 much narrower ; there is also sometimes

a little group of 3-4 sporadic spores immediately at the termination of one of the

zones. The inner pores are round, and the outer ones slightly larger and transversely

oval, their elongation being greatest on the outer part of the zone. The pores of a pair

are united by a distinct conjugating furrow, the intermediate costse are rather broad,

and their ornamentation consists of two or three widely-spaced scrobiculate tubercles

with granules between. The broadest part of the poriferous zone is 3-5 millim., and is

nearly two thirds of the width of the interporiferous area at that place. The widest

part of the interporiferous area is about midway between the extremities, or perhaps
slightly more outward, where it measures 6 millim. The odd anterior petal is similar

in all respects to the paired petals above described, but is perhaps a shade narrower.
The distance of the petals from the margin is subequal, and is approximately about
half the length of the petal, although it appears much less on account of the rounding
of the margin.

The interradial areas are very contracted on the inner half of the abactinal surface,

the length of the eight uppermost plates in each column being greater than their

breadth. The ornamentation consists of small scrobiculate tubercles which are much
more widely spaced than usual, the feature being at once conspicuous. Very frequently
the granular interspaces are twice the width of the diameter of the scrobicules and
sometimes more

;
the scrobicules are less regular in their spacing, and have somewhat

of a sporadic disposition. The scrobicules of the interporiferous areas are more
closely placed than in the interradial areas, but are less numerous than usual.

The actinal surface is deeply concave and widely basin-formed; the concavity
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occupying nearly the whole of the actinal surface, its margin being round and tumid

and confluent with the margin of the test. The ambulacral grooves are feebly defined

and do not extend to the margin.

The peristome is unknown. The periproct is very small, and its distance from the

margin is nearly twice its own diameter.

Bemarks. This species is readily distinguished from its congeners by the broad

petaloid ambulacra, by the slightly-convex abactinal surface, the thick and tumid

margins, the deep and widely-concave actinal surface, and the widely-spaced scrobiculate

tubercles.

Dimensions. Length 61 millim., breadth 55 millim., height 17-18 millim. The
large example drawn in Fig. 9 is imperfect in length and height ; its greatest breadth

is 65 millim.

Locality. In the Gaj series of strata : A few miles south of Pir Mangal (Mugger

Peer). Survey-number G ^5^1^.

Illustrations of the Species in Plate L.

Fig. 7. Abactinal view of a small test : natural size.

8. Longitudinal profile of the same : natural size.

9. Actinal view of a larger test: natural size.

4. Cltpeastee complanatus, Duncan & Sladen. Plate L, Figs. 10 & 11.

Marginal contour subpentagonal, with the three anterior angles confluently

rounded so as to form an arched or almost semicircular anterior margin ; whilst the

posterior angles are rather flatly truncate in their rounding. The length is greater

than the breadth in the proportion of 1 : 0"911, and the greatest breadth is opposite

the extremity of the antero-lateral petals ; the lateral sides are straight and converge

as they proceed backwards ; the posterior extremity is not incurved but nearly straight,

faintly undulating on account of a slight convexity in the median interradial line, on

either side of which there is a very slight concavity. The general form is flat and

depressed, with the margins thin, and the abactinal surface sloping from the very

slightly elevated apex at a low angle of declivity, the lines of slope as seen in profile

being almost straight, and the apex is consequently feebly conical or peak-like.

The apical disk is central. The ambulacral petals are moderately long and wide,

petaloid, with a comparatively straight appearance, in consequence of their length and

the rather abrupt rounding at the outer extremity ; the zones do not close, and the

areas of the petals are not tumid. The paired petals are subequal in length, and the

odd anterior petal is a little longer. The greatest width of the paired petals is about

midv^ay between the extremities and is proportional to the length as 1 9 : 44, the actual

dimensions of the postero-lateral petal in the example under notice being 22 millim.

long and its greatest breadth 9-5 millim. The poriferous zones are very wide and the

breadth increases up to within 7 or 8 pairs of pores from the extremity, when it

diminishes to form. the rounding of the petal, and the posture of the pairs of pores in

relation to the zone becomes at the same time more oblique. The inner pores are
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round and the outer much larger and pyriform, and the pairs are united by a very

faint conjugating furrow. The costse intervening between successive pairs are low and

rather narrow, and are ornamented with three small and well-spaced scrobiculated

tubercles, which do not come upon the part that separates the large outer pores,

where the costa is very narrow. The broadest part of the poriferous zone is 3 millim.,

and is very nearly as wide as the interporiferous area at that place. The widest part

of the interporiferous area is midway between the extremities, where it measures 4'25

millim. The odd anterior petal is similar in all respects to the paired petals above

described, except that its outer extremity is rather fuller and more abruptly rounded.

The distance of the anterior pair of petals from the margin is rather less than two

thirds of their length, and the distance of the posterior pair is rather greater.

The interradial areas are very faintly tumid or subcarinate on the inner half of

the abactinal surface. Their ornamentation consists of very small primary scrobiculated

tubercles, the intermediate spaces, which are covered with small uniform granules,

being usually rather greater than the diameter of the scrobicules. The ornamentation

of the interporiferous area is similar, but the scrobicules are more numerous and more

closely placed, and there is a general tendency to confluence in the intermediate

granulation.

The actinal surface is perfectly plane, being abruptly rounded but not impressed

at the peristome, which is small, circular, and subcentral. The ambulacra are in

rather deep well-defined grooves, which extend nearly to the margin.

The periproct is small and circular, and its distance from the margin is less than

its own diameter,

Bemarks. This species is distinct from its congeners and other Indian forms by its

great depression, by its marginal contour, by the form of its petals, and by the flat and
unimpressed actinal surface. It comes nearer, perhaps, to C. placunarius (Lam.),

Agassiz (C. humile, Klein, pars), than to any other form, but is much more depressed,

and with the abactinal surface more conical and pointed at the apex, with the margin
more uniformly rounded and with no reentering curvatures, and with the petals more
widely open at the extremity.

Dimensions. Length of the test 79 millim., breadth 72 millim., height 13 millim.
Localities. In the Gaj series of strata :—
i. Scarp of the M61 Plateau, west of Kund (the same scarp as G \^). Survey-

number G^i^^^.

ii. Scarp at Kupo-jo-lak, or pass on the M61 range, west of Shah-beg (same
locality as G ^2°). Survey-number G^^^.

iii. Four miles west of Beynlr Hill. Survey-number G ^2°-.

iv. Gandak Hill, near Thado. Survey-number G\^.
V. Hill near Giaibi, on the Baran River, south-east of Tonff. Survev-number

Illustrations of the Species in Plate L.

Fig. 10. Abactinal view of the test: natural size.

11. Actinal view of the same : natural size.



OF WESTERN SIND. 327

5. ClypeASTER DEPEESSUS, Sowerhy.

This species was described by Sowerby in Grant, Trans. Geol. Soc. ser. 2, vol. v.

pt, 2, and we noticed it in the description of ' The Fossil Echinoidea of Kachh " in

1883, p. 58. It is a common Miocene form in Kachh, and there is a well-marked

specimen in the Gaj deposits. We do not figure the form, as the drawing on Plate X,

Figs. 5-9, in the Kachh Echinoidea will suflice.

Locality. Gaj series or Miocene of Sind : About three miles south-east of Tong.

Survey-number G -g^.

Family SCUTELLIDM

The test is reduced to its extreme flatness among the Clypeastroids ; the outline

is more or less circular and is frequently cut at the margin or perforated, so as to form

ambulacral cuts or lunules. The ambulacral furrows on the actinal side are more or

less branching and anastomose, spreading over to the interradial spaces. Connection

between the upper and lower floors of the test is by radiating fan-shaped partitions,

coming from single points. The tubercles of the upper and lower surfaces of the test

as well as the spines which they carry differ much in size. The rotulse of the dental

apparatus are absent and the auricles are low. The teeth are more or less horizontal.

Genus ECHINODISCUS, Breyn., amended A. Agassiz, 1872.

This genus was established by Breynius in 1732, but A. Agassiz so modified the

scope of it in his ' Revision ' that it is no longer correct to add the name of the original

founder to a description which differs considerably from that which he gave. As we

have already stated in our Monograph of the Tertiary Echinoidea of Kachh and

Kattywar (' Palseontologia Indica '), the genus as now defined contains the genera

Lolophora and Anijahiope. It is one of the family of the Scutellidse, Agassiz, amended

by his son in the revision of the genera, 1872-74.

The following are the essential points in the diagnosis of the genus according to

A. Agassiz (Revision, &c. p. 531):

—

The test is more depressed than in the other Scutellidse and is thin ; anterior edge

rounded, posterior truncated. There are two lunules, or cuts, corresponding to the

posterior ambulacra. Ambulacral petals small and well limited. Four genital pores.

Lower surface flat, and the furrows ramify but little towards the exterior edge. Anus

nearer the posterior edge than to the peristome. The greater part of the test is

occupied by a calcareous network rising into pillars for more than half the distance

between the edge and the peristome, internally leaving the central part more or less

covered by a delicate tracery of limestone cells into which the appendages of the

alimentary canal are received. No pillars or partitions separate the buccal cavity from

the alimentary canal.
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1. EcHiNODiscus Desori, Duncan & Sladen, 1883. Plate LI, Figs. 1 & 2.

This species was described in the Monograph of the Tertiary Echinoidea of Kachh,

and Kattywar (Pal. Indica, Ser. XIV. p. 60, 1883), and was figured on plate xii. of that

work.

This Miocene species is not common in the Gaj deposits, and there are some

forms which we cannot but consider as the adults of the species with some variation in

their shape.

In the type from Kachh the anterior petal is longer and narrower than the antero-

lateral, the two lunules are elliptical in outline and they are narrow, the long

diameter being not quite three times the breadth. The anterior margin is faintly

indented and the test is broadest on a line with the distal ends of the posterior ambu-

lacra. The breadth of the test is greater than the length, and there is a decided

narrowing in front and a broadening out behind. The actinal grooves are broad and

shallow ; they bifurcate near the mouth-curve symmetrically, and enclose rather long

spaces. Each groove has a raised ridge on its floor near the peristome, which ends in

a slight swelling perforated by two tentacular pores.

A small specimen from the Gaj deposits is figured on Plate LI, Fig. 1, and an

outline is given. Fig, 2, of a small form. In both the convexity of the test posteriorly

is shown, and it will be observed that there is some difference in the dimensions of the

lunules. The length and the breadth of the form represented by Fig. 1 are equal, but

the breadth of the form of Fig. 2 is normal, and the breadth is greater than the length.

The figures are natural size, and the specimens came from the Miocene or Gaj deposits

of Sind.

Locality. Four miles south-west of Beynir Hill, Survey-number G ^^^.

Illustrations of the Species in Plate LI.

Fig, 1 , The abactinal view of a test : natural size.

2. Outline of a test : natural size.

There is a well-marked variety of the species which we have drawn on Plate LI,

Fig. 3. The test is slightly broader than the type, the petals are subequal, and the

posterior edge of the test is almost straight. The general shape of the type is not
much altered, the lunules are of the same shape and the test is of the same great

tenuity. The variety brings the type in close alliance with Echinodiscus Uforis,

A. Agass., a recent form from the Eed Sea and East-African coast.

Illustrations of the variety in Plate LI.

Fig. 3. The test : natural size.

EcHmomscus Desoei, Duncan & Sladen, variety. Plate LI, Figs. 4, 5, 6, 8, 9, 12.

This variety has all the characters of the species, and the test is also nipped in
anteriorly to the widest part, so as to give more or less of a trifoliate appearance.
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Locality. Gaj series or Miocene of Sind : Hills E. of TMna Shah-beg. Survey

number G^^oT-

Illustrations of the Species {variety) in, Plate LI.

Fig. 4, Actinal surface : natural size.

6. Abactinal view : natural size.

6. A lunule seen from the actinal side : magnified.

8. A vievp of the crushed javi^s and supporting internal structures.

9. Another view : slightly magnified.

12. A view of a side of a broken piece of the test of a large form, showing

the sides of the supporting plate and a few pillars,

2. ECHINODISCUS, sp.

A much mutilated pair of specimens of considerable dimensions are to be seen in

the collection from the Gaj deposits. One of the specimens has a part of two small

oval lunules, each of which was, when perfect, about one half of the size of a petal.

The test is broader than long, rounded and slightly notched in front, broadest

behind the antero-lateral petals, and with a very low and depressed test, there being

hardly any rise from the excessively thin edge to the apical system. The anterior

petal is the longest, and the apical system is large. The four generative pores are

beyond the basal plates. Actinally the test is nearly flat, but no details can be made
out. On the whole the resemblance is to Echinodiscus Desori, but the lunules differ

in shape. The breadth of the test was nearly 90 millim. and the length was less.

Locality. Gaj series or Miocene of Sind : Four miles S.W. of Beynir Hill, and

three miles S.E. of Tong. Survey-number G -^ and G ^j^o"-

3. Echinodiscus placenta, Duncan & Sladen. Plate LI. Fig. 7, Plate Lll, Figs. 1-8, 8.

The test is broadly ovoid, broadest behind on a level with the end of the apical

one third of the posterior ambulacra, nearly semicircular behind, and narrowing

gradually in front so as to be bluntly pointed anteriorly where there is a shallow

incurvation. The length is 91 millim., and the breadth is 85 millim. The test has very

sharp margins, a flat actinal surface, and the height is exceedingly small for the size,

being at the most 8 millim.

The apical system is large and slightly excentric in front ; the generative pores are

beyond the basal plates and the optic pores are indistinct. The madreporite is central.

The anterior petal is the longest and, like the others, is not quite closed. The rosette

is about the length of a petal from the side of the test, and the posterior petals are at

a greater distance, there being a lunule in a line with each towards the margin. There

is much surface between the petals and the margin of the test. The lunules are two

in number, one in each posterior ambulacral space. They are large and 11 millim. in

length and 7 miUim. in breadth. They are therefore broadly elliptical in shape and are

about half their length from the posterior margin. The amount of interradial space

is considerable, and there is only the slightest rise from the margin of a space to the

2t
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apical system. The plates of the ambulacral petals are very numerous, the inner pores

are in broad ellipses, the outer are long and narrow. But the plates of the interradia

are large and have a remarkable contour near the apical system. The adoral and

aboral edges of the coronal plates are not transverse to the median interradial line, but

oblique, and they are not straight, but are in curves, vs^ith the convexity adorally ;
more-

over the median sutural lines are in bold curves, so that the appearance of the plates

is that of imbricating scales. There was, however, no overlap. See Fig. 7 on

Plate LI.

Unfortunately the under surface of the test is eroded. The internal structure of

the test is indicated on the worn upper surface, where the peculiar markings so

characteristic of the genus are well seen.

Locality. Gaj series or Miocene of Sind : Naig-Nai valley, twelve miles S. of Shah

Rhui. Survey number G '^^-

Illustrations of the Species in Plates LI and LII.

Plate LI.

Fig. 7. Portion of an interradium and of ambulacra: slightly magnified.

Plate LII.

Fig. 1. The test : natural size.

2. Apical system : magnified.

3. Part of an ambulacrum : magnified.

8. A portion of an ambulacrum and lunule : slightly magnified.

The shape of this species is very characteristic, and its great expansion and very

depressed form are extreme in the genus.

The lunules are very broad and the form is unlike any recent kind.

The next two species of Echinodiscus belong to quite a different series, for they

are either almost circular or ovoid in shape, with the greatest width in front.

4. Echinodiscus bllipticus, Duncan & Sladen. Plate LI, Fig. 11.

The test is exceedingly flat, nearly circular, being 68 miUim. in length and 66 miUim.

in breadth. The apical system is only very slightly excentric in front and is sub-central.

The petals are subequal, rather narrow, and are very slightly swollen. The rosette

occupies 38 millim. of the 66 millim. of the breadth.

There are two lunules and they are long elliptical in shape.

The anterior margin of the very thin test is slightly incurved and the posterior

appears to have been rounded off.

Locality. Gaj series or Miocene of Sind : Scarp of the M61 Plateau, W. of Kund.
Survey-number G -j^.

Illustration of the Species in Plate LL
Fig. 11. The test : natural size.
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5. EcHmoDiscus elongatus, Duncan & Sladen. Plate LI, Fig. 10.

The test is very low, thin, longer than broad, more sharply rounded at the anterior

margin than at the posterior, where it is nearly straight and broadest in front of the

antero-lateral petals.

Apical system slightly excentric in front, system large, hexagonal, and the generative

pores at the angles and beyond them. The ambulacra are subequal, broad, and the

posterior pair are close together at the apex. Poriferous zones nearly closed, and the

interporiferous areas are well developed. The ends of the lateral ambulacra are not

quite their own length from the margin of the test, and the rosette is small. There is

a long narrow lunule in each posterior ambulacral tract, and the length is nearly that

of the petal, from which it is only separated by a very short distance.

The interradia are large and their plates have the same adoral curving and median

curving also which have been noticed in the instance of Echinodiscus placenta, nobis,

and figured on Plate LI, Fig. 7. The length of the specimen is 47 millim., and the

breadth 40 millim.

Locality. The Gaj series or Miocene of Sind: Naig-Nai valley, twelve miles S.

of Shah Rhui. Survey-number G -^q-.

Illustrations of the Species in Plate LI.

Fig. 10. The test in outline : natural size.

6. Echinodiscus, sp. Plate LII, Figs. 4-7.

A large form, the details of which are not suflBciently preserved to enable a

specific diagnosis to be made, is in the collection from four miles S.W. of Beyuir Hill.

Survey-number G -3-3-.

The distinctive character is the slight dome shape and the evident slight hollowing

out of the well-marked actinal surface. The edge, however, is thin. The apical disk

is large, and one of the subequal petals is 27 millim. long. The lunules are not

preserved.

Illustrations of the form in Plate LII.

Fig. 4. The abactinal view : natural size.

5. Actinal view.

6. A part of the abactinal surface : magnified.

7. Surface of a test, showing the tops of the supporting structures.

A fragment in the collection leads to the inference that there are some very large

forms oi Echinodiscus va. the Miocene of Sind, for the petal of one is 35 millim. in length

and 14 millim. in breadth.

2y2
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Suborder ATELOSTOMATA.

Family CASSIDULIBM

Subfamily ECHINOLAMPINu^.

Benus ECHINOLAMPAS, Gray, 1825.

1. EcHiNOLAMPAS JTACQUEMONTr, d'ArcMac <& Haime. Plate LIII, Figs. 1-14.

Test of moderate size. Marginal contour subovoid, well rounded in front and

sometimes rather flattened, the sides expanding gradually with a gentle curve up to the

posterior part of the lateral interradia, where the greatest breadth is situated, and the

margin then contracts with comparative rapidity to form a more or less distinctly rostrate

posterior extremity. The breadth is rather more than four fifths of the length (82-8.5

per cent.), the disparity being usually less in smaller examples. The apical disk,

which is excentric in front and corresponds with the apical summit of the test, is distant

from the anterior extremity a little less than two fifths of the length. The height of

the abactinal surface shows considerable variation, ranging from rather more than two

fifths to rather more than one half the length. Seen in longitudinal profile, the

abactinal outline presents in some forms a rather flat convexity, whilst in others there

is a more or less conspicuous tendency towards a conoid elevation in the region of the

apex, the posterior slope in either case being gentle until it takes a well-rounded, or

rather rapid, curve over the posterior rostration ; the anterior slope is more rapid, and

the margin is high and tumid. The lateral margins are thick, tumid, and well rounded

on to the actinal surface, which also has a tumid character in consequence of the slight

but distinct depression around the peristome.

The apical disk is small, and there are four genital pores, which are of compara-

tively large size and occupy nearly the whole of their plate ; the anterior pair are rather

closer together than the posterior pair. The ocular plates are small and elongate

transversely, and their pores are very minute; the posterior are distinctly nearer

together than the anterior pair, and are separated by a more or less definite extension

of the central madreporic plate, which is, however, more distinctly prolonged in some
examples than in others. The whole of the central portion is occupied by the madre-
poriform body, the punctures of which are very small and numerous ; the surface is

often distinctly convex, and minute miliary granules are distributed irregularly over it.

The ambulacral petals are comparatively small, and though narrow, are very

definitely petaloid, expanding rather rapidly for a short distance from the apex and
then gradually contracting, the width of the interporiferous area at the extremity being
little greater than half the width at the widest part of the petal, and in some instances

less than this. The posterior petals are the longest, and the odd anterior is the shortest

;

the breadth of the lateral petals is about equal (6 millim.), and the odd anterior petal
is slightly narrower. The breadth of one of the paired petals is in the proportion of
about -^Soo of the length of the test. The poriferous zones are unequal ; the anterior
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zones of the antero-lateral petals and the posterior zones of the postero-lateral petals

being shorter than the companion zone of the same petal. The breadth of the poriferous

zone, excepting the narrow apical extremity, varies only slightly throughout the major

portion of its length, the decrease towards the outer extremity being slight. At the

widest part of the petal, the width of the poriferous zone is rather less than one third

of the width of the interporiferous area, the actual breadth of the poriferous zone being

only 1"125 millim. in an example 55 millim. in length, but is often less. The inner

pores of a zone are round, and the outer ones slightly elongate or pyriform, the pair

being united by a well-developed channel ; and the posture of the pairs of pores is very

oblique in relation to the zone. The divisional costa between each pair is ornamented

with a single line of small miliary granules. Near the extremity of the anterior zone

of the antero-lateral petals the zone is distinctly and rather suddenly incurved (concavity

forwards), which gives a slightly sigmoid character to the zone, especially in comparison

with the regularly arched and longer companion zone in the same petal. The extra-

petalous continuation of the poriferous zones is scarcely visible to superficial observation

until midway on the actinal surface, between the margin and the peristome ; although

in some favourable examples the course of the zones of the odd anterior petal are more

or less faintly defined throughout by slight channelling. When the poriferous zones

reach the neighbourhood of the peristome they are sensibly channelled, the pores are

distinct, and well-developed sublyriform phyllodes are produced. A regular internal

series of pores, one pore opposite alternate pores of the outer series with more or less

regularity, is present ; and a double series of pits (presumably for sphseridige) are situated

in the median radial line of the phyllode. The interporiferous areas may almost be

said to be flush with the test, although in some cases those within the petals of the

paired ambulacra are very faintly tumid. The ornamentation of the areas both within

and without the petals is similar to that of the interradial areas.

The lateral interradial areas are the broadest, and their breadth is nearly equal to

the whole area included by the antero-lateral ambulacra, i. e. to the two anterior inter-

radia and the odd anterior ambulacrum combined. The anterior interradia are by far

the smallest. In the odd posterior interradium there is considerable tumidity abacti-

nally, over and conformable with the posterior rostration ; and there is also considerable

tumidity on this area on the actinal surface along the median line between the peristome

and the periproct, the swelling expanding and gradually dying out as it approaches the

latter aperture and the posterior margin of the test. There is considerable tumidity in

the posterior column of the postero-lateral interradia, which conspicuously aff'ects the

marginal contour, and constitutes one of the features that contributes largely to the

characteristic form of this species. The ornamentation of the interradial and inter-

poriferous areas is uniform and small, and consists of small primary tubercles, sunken

in rather deep, narrow scrobicules, the intermediate spaces being about equal to half

the diameter of the scrobicule, and having the surface covered with small, distinct, and

not particularly crowded miliary granules. On the abactinal surface, in well-preserved

specimens, a distinct ring of granules encircles each scrobicule ; there are thus two rings

of granules in each intermediate space between scrobicules, and a few extra at the angles
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where four come together. At the ambitus the tubercles are more crowded and the

intermediate spaces much narrower; on the median portion of the actinal surface, and

round the peristome, the tubercles are more widely spaced and the scrobicules slightly

larger.

The peristome is rather large, distinctly pentagonal, with the transverse diameter

rather greater than the longitudinal. In small specimens the disparity of these dimen-

sions is greater than in fully grown tests. The ambulacral areas are slightly sunken as

they approach the peristome, and the bourrelets. are weU defined, especially the anterior

pair. This pair presents a distinctly convex margin into the peristome. The posterior

pair of bourrelets are the smallest, and their margins have a well-defined thickening

;

the odd posterior is the broadest and is the least tumid, though its margin is distinctly

thickened. The peristomial wall is vertical and high, and its surface is covered with

well-spaced small miliary granules, and these are also extended over the tumid portions

of the bourrelets. The peristomial margins of the ambulacral areas form small and

graceful concavities in the general peristomial margin, constituting the rounded angles

in the outline of this orifice. The innermost pair of ambulacral pores (buccal pores)

are weU defined, and are situated immediately over the margin, opening into the

peristomial wall. The phyllodes are well developed and have been described above.

The periproct is small, transverse, with an outline varying between suboval and

subtriangular, placed close to the margin on the slight rounding which unites the

actinal surface with the ambitus, and immediately below the posterior rostration.

Consequent on this slightly oblique position (in relation to the plane of the actinal

surface), the presence of the orifice is discernible when the posterior part of the test is

placed on a resting plane held in the direct line of view, with the posterior extremity

towards the observer. This aperture has a major diameter of 6*5 millim., and a minor
diameter of 4 miUim. in a specimen 55 millim. in length. The major diameter of the

peristome is 5 millim., and the minor 3-75 millim., in a specimen of the same size.

Young forms. Although this species is a very variable one, certain marked features

may be clearly traced throughout a wide' range of different growth-stages ; the modifi-

cations dependent on age, however, are at the same time striking and noteworthy.

In tests measuring 38-40 millim. in length (Figs. 8-10) it will be noticed that the
marginal outline is more circular, that the breadth is greater, that the margins are

more tumid, and that the abactinal surface is more regularly convex, than in the larger

forms above described. It will also be seen that the test is fuller and more rounded in

front, less rostrate posteriorly, and that the prominent tumidity in the posterior column
of the postero-lateral interradia though present is much less developed ; in a rather
smaller test (Fig. 13), this tumidity is moved forwards to some extent, and thus
produces, in conjunction with the other test modifications, a marginal contour
approaching very nearly to a circular form. In examples of this size, the actinal

surface is either subplane and gradually sloping off to the very tumid margins, or even
faintly convex, excepting a feeble central depression around the peristome, and this

concavity is perhaps not always present. Indeed there appears, without question, to be
considerable diversity in this particular in different specimens of the same size. The
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smallest specimens which we unhesitatingly refer to E. Jacguemonti are from 22-27

millim. in length ; there are, however, in the collection three or four other specimens,

smaller than this, from as many diflFerent localities, and these we are strongly inclined

to consider also as young forms of E. Jacguemonti. These small tests are remarkable

for the great tumidity of the actinal area, the profile contour of which is almost as

fully convex as that of the abactinal area, and in some of them at least there is no

depression around the peristome. This aperture is comparatively small, and the peri-

proct is higher in the margin in some of them than usual in the adult forms ; but there

appears more or less variation in the position of the periproct even amongst the small

forms. These characters are such as might well be regarded as youthful features, and

in other respects the tests do not differ more from the type form of E. Jacquemonti

than our knowledge of the growth-stages of recent species of Echinolampas leads us to

regard as perfectly consistent with the view that they are immature specimens.

There is, however, an example measuring 32 millim. in length, which presents all

these extreme characters to the fullest extent ; and this form appears to accord in every

respect with the species named E. spheroidalis hy d'Archiac and Haime; although in

our opinion it is not improbable that with a larger range of small forms and in a better

state of preservation than those we possess, E. spheroidalis may ultimately be found to

be in reality only the immature stage oiE. Jacguemonti. From the fact that our largest

spJieroidalis-Yike specimen (32 millim.) presents the above-mentioned weU-marked

features—youthful though they appear—at a size much greater than that at which the

young E. Jacguemonti already exhibit their own specific and unmistakable habitus, we

refrain for the present from interfering with the specific independence of jB. spheroidalis,

and rank the small specimens under notice provisionally and with doubt under that

designation.

Variations. This species is remarkable for its variability within certain limits ; and

very numerous modifications of form are to be found in the collection under notice.

These chiefly affect the relative proportions of length and breadth, the outline of the

abactinal profile, the marginal contour to some extent, and also the breadth of the

ambulacral petals. Considerable though these variations appear when extreme examples

are compared, the intermediate stages are so numerous and unmistakable that we do not

think it necessary or desirable to give names to these varieties ; and this the more as the

different changes above indicated may be found in a series of specimens from one and

the same locality, and apparently of similar size, age, and fossilization.

Some forms are more elongate and distinctly ovate in marginal outline than others,

as given in Figs. 1 and 2. Others, again, have the anterior margin fuUer and flatter, as

in Figs. 3-5 ; and this, in some rare cases, is carried to such an extent that the anterior

margin has quite a truncate appearance, and the antero-lateral interradia present a

considerably tumid angularity. In other tests, again, the margin is more orbicular (see

Fig. 6). Considerable variation exists as to the degree of the tumidity developed in the

posterior column of the postero-lateral interradia, and also as to the prominence of the

posterior rostration. Another feature subject to much variation, and which at the same

time produces a very striking series of modifications, is the relative height of the abac-
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tinal surface and the contour of the same as seen in longitudinal profile. In some forms

the abactinal surface is comparatively depressed and its profile exhibits a more or less

uniform and regular convexity, and often even slightly flattened centrally (see Figs,

1 and 2). Others, again, have a much greater relative height, and the abactinal surface

shows a distinct and conspicuous conoid elevation in the region of the apex, with the

anterior slope rapid, and the posterior more gradual and flexuous as seen in profile

(compare Figs. 3-5). The breadth of the ambulacral petals is likewise subject to

variation, and quite a number of examples with remarkably broad petals, when com-

pared with the normal form, may be distinguished ; and furthermore it is of interest to

remark that the feature appears generally to be associated with the more or less sub-

depressed orbicular forms. An example of this vairiety is represented in Fig. 6, In

this specimen the width of the paired ambulacra is ywoq of the length of the test.

Remarks. This species is closely allied to the form we have nanaed E. Indica, from

the Miocene of Kachh. Both are very variable forms, and it would be quite possible

to select a series which would appear to form a transition between the two species.

Taken as a whole, however, the habit of E. Indica and E. Jacquemonti is different, and

immediately strikes the eye. In the former the test is habitually higher, more regu-

larly convex abactinaUy, and more tumid laterally. The inequality of the poriferous

zones and the amount of their curvature is greater. The excentricity of the apical disk

is less, the proportions of the peristomial and periproctal apertures, as well as their

form, are different. On these grounds we consider the species distinct, but probably

phylogenetically allied.

Bimensions.
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iii. Hill-scarp five miles north of Shah Ehtii, on the Naig Nai^ south-west of

Jhangara. Survey-number G ^£^.

iv. Naig-Nai valley, twelve miles south of Shah Rhiii. Survey-number G 302
40 •

V. Scarp six miles south-east of Shah-beg. Survey-number G ^p.
vi. Four miles south-west of Beynir Hill. Survey-number G ^2^3^.

vii. About three miles south-east of Tong. Survey-number G ^o"-

viii. Survey-number G \^.
ix. Ten miles north of Shah-beg. Survey-number G -^-g-.

X. Scarp at Kiipo-jo-lak, or pass on the M61 range, west of Shah-beg (same locality

as G \^2^). Survey-number G ^7^.

xi. Mazarani Nai. Survey-number G ^-.

xii. Sita Nai, Khirthar range. Survey-number G 298
3

xiii. Upper part of the scarp of the Myhir plateau, west of Thana Shah-beg.

Survey-number G ^^3^.

xiv. HiUs east of Thana Shah-beg. Survey-number G ^^-P-.

XV. Hills east of Thana Shah-beg (nearing Pani gumbok from the west). Survey-

number G \%^.

xvi. Pir Gaji, west of Sehwan. Survey-number G -f^.

xvii. Nari Nai, Sehwan district. Survey-number G -4-7-.

xviii. Amra Hill, Barri Nai, Shikarpur district. Survey-number G -f-^.

xix. Mazarani Nai, hills west of Larkhana. Survey-number G ^g-.

XX. Cliff-section of Kadeji gorge, about thirty miles east-north-east of Karachi.

Survey-number G -^.

Illustrations of the Species in Plate LIII.

Fig. 1. Abactinal view of a regularly convex, subdepressed form : natural size.

2. Longitudinal proiile of the same : natural size.

3. Abactinal view of a high, subconical, and rather elongate, form : natural

size.

4. Longitudinal profile of the same : natural size.

5. Aotinal view of the same : natural size.

6. Abactinal view of a broad-petalled variety : natural size.

7. The peristome and surrounding parts of the test : magnified.

8. Abactinal view of a small subrotund test : natural size.

9. Longitudinal profile of the same: natural size.

10. Actinal view of the same : natural size.

11. The peristome and surrounding parts, from the same specimen : magnified.

12. Portion of an ambulacral petal, to show the ornamentation : magnified.

13. Actinal view of a small tumid test: natural size.

14. Longitudinal profile of the same : natural size.
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2. EcHiNOLAMPiiS SPHEBOiDALis ?, d'ArcMac. Plate LIIl, Figs. 15-19.

The following is the diagnosis of this species given in the ' Description des Animaux

fossiles de I'lnde,' p. 210 :—
Test oval, very inflated, slightly enlarged posteriorly near the posterior ambulacra.

Apex scarcely more elevated than the upper part of the odd posterior interradium ; its

distance from the anterior margin is two sevenths of the length of the test. Four

generative pores, large, especially the posterior pair. Ambulacral petals short, straight,

flush with the test or very slightly tumid, rather narrow, considerably contracted jiear

their extremity ; the anterior petal shorter and a little narrower than the others.

Poriferous zones narrow, considerably arched, the companion zones in a petal very

unequcal in length ; in the odd anterior ambulacrum the right poriferous zone is the

longer, in the postero-lateral ambulacra the anterior zone is nearly one third longer

than the posterior, and in the antero-lateral ambulacra the posterior zone is the longer.

Interradial areas a little unequal in the neighbourhood of the apex ; measured midway

between the extremities of the petals, the lateral areas are the broadest. Actinal

surface subplane
; peristome situated a little anterior to the centre, subtriangular,

bourrelets very slightly developed, phyllodes open. Periproct marginal, rather high.

Tubercles rather crowded and slightly unequal, those in the neighbourhood of the

peristome larger and more widely spaced.

MM. d'Archiac and Haime remark that the different examples examined by

them varied only very little in their form. The largest specimen was more than

4 centim. in length; another measured 3'5 centim. in length, 3 centim. in breadth, and

2-5 centim. in height. The locality is given as " Chaine d'Hala (Sinde)."

We have stated on a preceding page, when treating of the young forms of

E. Jacquemonti, the grounds upon which we have referred several small tests in the

Gaj collection to this species. Our specimens unfortunately are in a very bad state of

preservation, and do not enable us to add anything further to our previous remarks, or

to the description given above. We may, however, mention that the height and
general tumidity of the test, the convexity of the actinal surface, the small size of the

peristome, the absence of bourrelets, and the narrowness of the ambulacral petals are

especially striking.

Dimensions. The largest example measures 32 miUim. in length, 285 millim. in

breadth, and 24-5 millim. in height. The smallest 20, 19, and 16 millim. in these

dimensions respectively.

Localities. In the Gaj series of strata :

—

i. North of Babba band, five miles east of Kadeji. Survey-number G -^
ii. Four miles south-west of Beynir Hill. Survey-number G -^2-3-.

iii. Scarp at Kupo-jo-lak, or pass on the M61 range, west of Shah-beg (same
locality as G ^). Survey-number G \^l.

iv. Hills east of Thana Shah-beg. Survey-number G ^i-^.
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Illustrations of the Species in Plate LIII.

Fig. 15. Actinal view of the test of the largest specimen : natural size,

16. Abactinal view of another specimen, much crushed and weathered :

natural size.

17. Longitudinal profile of the same specimen as fig, 15: natural size.

18. Actinal view of a small specimen : natural size.

19. Longitudinal profile of the same : natural size.

Famili/ SPATANGID^.

Subfamily SPATANQIN^.

Genus SCHIZASTEE, Agassiz, 1836.

1. ScHiZASTEE Granti, Duncan & Sladen.

A considerable number of examples belonging to this species are in the collection,

but all are unfortunately more or less broken, crushed, or badly preserved. As the

form was described in detail in the fasciculus on the Tertiary Echinoidea of Kachh and

Kattywar it is unnecessary to repeat the description there given. The species is also

found in the Nari strata of Sind.

Localities. In the Gaj series of strata:

—

i. Scarp at Kupo-jo-lak, or pass on the M61 range, west of Shah-beg (same locality

as G -4-2°). Survey-number G ^°l-. Some specimens also bear the Survey-number G ^pf-.

ii. About three miles south-east of Tong. Survey number G -3%-.

iii. Naig-Nai valley, twelve miles south of Shah Ehiii. Survey-number G -^4^0^.

iv. Gaj river, Khirthar range. Survey-number G ^-|-^.

V. Near the top of the pass, on the Mol range, west of Thana Shah-beg. Survey-

number G ^li- f.

vi. Cliff-section of Kadeji gorge, about thirty miles east-north-east of Karachi.

Survey-number G -i^-.

vii. Pir Gaji, west of Sehwan. Survey-number G 2.2 6
48 •

2. ScHiZASTEE SUFFLATUS, Duncan & Sladen. Plate XLIX, Figs. 7-9.

Test of medium size, nearly as broad as long, with the greatest breadth situated a

little behind the centre. Marginal contour suboval, more contracted in front than

behind, and deeply notched by the anteal sulcus. Apical disk slightly excentric

posteriorly. Seen in longitudinal profile, the greatest height is situated considerably

behind the apical disk, the abactinal surface sloping continuously from this point to

the anterior margin, which is tolerably thick and tumid ; whilst the region of greatest

height is the summit of a convexity, which passes with a rather rapid curve to the

posterior extremity. The periproct appears to have been rather higher in position

t The number " 42 " i§ indistinct.

2z2
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than the middle of the posterior extremity. The actinal surface shows great convexity,

especially in the region of the plastron. The sides are thick and tumid.

The apical disk lies at the base of the sloping interradial keels, and is remarkable

for its apparent breadth, caused by the lateral pair of plates being wide apart. There

are four genital pores, the posterior pair being larger and slightly wider apart than the

anterior ones. They, as well as the posterior pair of ocular plates, are separated by the

large wedge-shaped central madreporiform body. The anterior pair of ocular plates

appear to have been extremely small, but the condition of the fossil does not show

them satisfactorily. The odd anterior ocular plate is small and placed midway between

the anterior pair of genital plates.

The odd anterior ambulacrum lies in a well-defined, tolerably deep, and broad

groove, the margins of which are sloping, and the lateral keels are not remarkably high

or thin, although they become angular and well defined as they approach the apical

disk, and at the same time slope away. The floor of the groove is slightly rounded,

and the poriferous zones are placed at its junction with the sloping lateral walls,

appearing rather more on the floor than otherwise, at least near the apex. The pores

are small and slightly elongate transversely, and are separated by a small granuliform

prominence. The plates are very short and band-like and successive pores are con-

sequently closely placed. The plates are further remarkable for the abruptness of the

bending which occurs just internal to the inner pore of the pair, the portion of the

plate which lies in the interporiferous area being reflected sharply backwards towards

the apex at about 30° from the direction of the outer part of the plate (see fig. 9). It

will also be noticed that the facets of the inner end of the plates have a peculiar

curvature. Traces are visible of a few widely spaced granules on each plate, ornamenting

the interporiferous area.

The anterior pair of ambulacral petals are large, wide, petaloid, placed in tolerably

deep grooves, and are rather divergent, the included angle being, roughly speaking,

about 90°. The grooves, which are wide and gracefully rounded outwardly, contract

very little in breadth until they reach the proximal third of the length, where they

commence to taper rapidly to a point. The anterior poriferous zone is bent with a slightly

sigmoid curvature. The companion posterior zone proceeds for some distance from the

apex at a right angle to the longitudinal axis of the test, is then rather sharply bent with

a well-rounded curve, and proceeds almost straight towards the margin. It will thus be

seen that the bending of the petal on its approach to the apex is very conspicuous, and

that there is also a slight inflation of the petal near the distal extremity. The pori-

ferous zones are wide and fully twice the breadth of the interporiferous area about the

middle of the petal. The pores are elongate except near the apex, rather wide apart,

distinctly conjugate ; with adjacent pairs separated by a well-defined costa, which was
probably ornamented by a row of granules. The first 10 or 12 pairs of pores in the

anterior poriferous zone of the antero-lateral petals, and the first 6 or 7 in the posterior

zone, are remarkably small, and those beyond increase in size very abruptly. The
posterior pair of petals are about two thirds the length of the anterior pair, lanceolate

in outline, with the greatest breadth a little removed from the middle of the petal
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towards the apex ; from this point they contract gradually and slightly towards the outer

extremity, which is not rounded or closed. At the apical extremity they contract

rapidly to a fine point. The petals reach about halfway between the apex and the

margin, and their course is straight. Their angle of divergence is about 66°, being that

included by lines drawn along the median line of the two petals. The intervening odd

posterior interradial area forms a rather low, but well-defined ridge, narrow for a short

distance from the apex, but rapidly becoming broader and disappearing in the generally

convex or arched posterior region. The character of the poriferous zones is similar to

that of the anterior pair of petals; the interporiferous area, however, is relatively

narrower, and the posterior poriferous zone is remarkably broad midway between the

extremities.

The interradial areas have a slightly gibbous or arched character, and their respec-

tive, columns greatest in the anterior column of the anterior interradia and the posterior

column of the postero-lateral interradia ; but, as far as can be judged from the imperfect

preservation of the fossil, the character does not appear to have been greatly

emphasized.

Nearly the whole of the posterior extremity of the test is destroyed, but traces

remain which indicate that the periproct was rather high in position.

The peristome is very excentric in front, but nearly the whole of the actinal surface

is destroyed or unfitted for description.

Traces of two fascioles are present, a peripetalous and a latero-subanal. Judging

from the only clear trace of the latter which remains, it appears to have been very

narrow. The surface of the test is much too weathered to allow of any detailed account

being given of the course or position of these bands.

The ornamentation of the plates is nearly all destroyed, but that on the abactinal

surface appears to have been small and widely spaced.

Memarks. Notwithstanding the very unsatisfactory state of the single example

under notice, the details above given are sufficient to indicate that we are dealing with

a distinct species ; and on these grounds we have ventured to give it a name, although

the description is unfortunately imperfect. S. sufflatus is distinguished from S. Granti,

with which it is associated, by the altogether difiisrent marginal contour of the test, by

its more uniformly convex and less sloping abactinal surface, by the different form of

the paired petals, the antero-laterals wanting the characteristic curve at the outer

extremity, and by the relatively much longer and differently shaped postero-lateral

petals ; the character of the odd anterior ambulacrum is also different.

Dimensions. Length of the test 40 millim., breadth 38 millim., height 26-5 millim.

Locality. In the Gaj series of strata: Naig-Nai valley, twelve miles south of

Shah Ehui. Survey-number G ^4^0--

Illustrations of the Species in Plate XLIX.

Fig. 7. Abactinal view of the test : natural size.

8, Longitudinal profile of the test : natural size.

9. Ambulacral plates in the odd anterior ambulacrum : magnified.
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Genus MOIRA, A. Agassiz, 1872.

1. MoiEA, sp. ?

A single small example in the Gaj collection probably belongs to this genus. It

is, however, so badly preserved, and with nearly the whole of the abactinal surface

obscured by matrix, that accurate determination is impossible ; we therefore refer it to

the genus with doubt, and place its occurrence on record in the hope that future

discoveries will furnish more satisfactory material. We were led to consider this speci-

men as a species of Moira on account of the indication of the presence of a narrow

slit-like petal, and of the peculiar ornamentation on the neighbouring plates. The

actinal surface is well preserved, and its outline is very near to that of M. antiqua,

nobis, from the Miocene of Kachh.

Dimensions. Length of the test 16 millim., breadth 15 millim.

Locality. In the Gaj series of strata : Entering the hills on the road from Jangri

to Bula Khan's Thana. Survey-number G ^^S--

Genus MEOMA, Gray, 1851.

1. Meoma, sp. ?

There is a fragment of part of an interradial area of a large Spatangoid in the

collection on which the remains of a well-defined, angular, and deeply re-entrant

fasciole are preserved. Amongst the general miliary ornamentation of the plates are

small, well-spaced, primary tubercles, both within the fasciole and on the adjacent

plates without, where, however, they are smaller and diminished in size as they recede

from the fasciole. The ornamentation recalls in a striking manner that of M. ventricosa

(Lam.), Liitk. Unfortunately the fragment alone is insufficient for the determination

either of species or genus, and we therefore merely place its occurrence on record.

Locality. In the Gaj series of strata : Near the top of the pass, on the M61 range,

west of Thana Shah-beg. Survey-number G -^^,

Genus BEEYNIA, Besor, 1847.

Large Urchins well characterized by the presence of peripetalous, internal, and
subanal fascioles. There are large tubercles with deep scrobicules, limited by the

peripetalous fasciole ; but they are absent in the posterior ambulacrum. The internal

fasciole crosses the four petals, and their pores situated within its area differ from
those without and may disappear.

This genus was placed by MM. d'Archiac and Haime amongst the Nummulitic
fauna of Sind, and their species Breynia carinata was described in their great work,
which has so often been quoted in this Monograph, on p. 216, and delineated on
their plate xv, fig. 4.

We have noticed the same species in our description of the Miocene series of
Kachh (" The Tertiary Echinoidea ofKachh and Kattywar," Pal. Indica, Ser. XIV. p. 66,
Plate X), and also on page 228 of this Monograph. There is now no doubt about
the correct geological horizon of the genus in the Tertiaries of Western India for
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Mr. Blanford states that he has never seen the form in any other than a Miocene

formation, and it is evident that the specimen from the Khirthar series (a solitary one) was

not found in place. Moreover the species abounds in the Gaj beds and not in the Nari of

Sind. We may assert that the species is the most characteristic of the Miocene of Sind.

With regard to the species Breynia carinata, we were able to correct some of the

descriptive parts of d'Archiac and Haime's notice of their unfortunately ill-preserved

specimens, in our Monograph of the Kachh Echinoidea, and Messrs. Medlicott and

Blanford had previously indicated the presence of minute pairs of pores within the

area of the internal fascicle. Since the publication of our Monograph a great number

of specimens have been examined from the Gaj series, and some are in a most wonderful

condition of preservation. We have now evidence regarding the correct shape of the

form in the adult stage and when half-grown, and we have proofs of the comparatively

slight variation in the shape and structure of this most highly specialized Spatangoid.

The description of the species by its founders was admirable, and we could have

wished that they could have had our opportunity. We propose therefore giving the

translation of the diagnosis of MM. d'Archiac and Haime, and to add the results

of our examination' of good specimens.

1. Beetnia caeinata, d'Archiac & Haime. Plate LIV, Figs. 1-9, and Plate LV, Figs. 1-8.

The test is elongate, low, bilobed in front, narrowed behind and truncated pos-

teriorly ; upper surface very slightly convex.

The measurements are—length 9 centim., breadth 7 centim., height 3 centim. ; a

second is 6 centim. in length.

Actinal surface of the test almost flat, except near and in front of the anus,

where it presents, in the median line, an oblong and subcarinate keel. In some

individuals the odd interradial area is slightly raised above the anus.

The four generative pores are small and close ; the madreporic body is indistinct,

oval, and elongate in the antero-posterior direction of the test. The plates which

surround the apical disk immediately, are surrounded by an oval-shaped non-sinuous

fasciole, rounded behind, and the anterior branches of which become close on the level

with the ends of the antero-lateral ambulacra. Those plates which belong to the

ambulacra within the fasciole, are perforated by very small pores in a series which

forms an angle with the line of the other ambulacral pairs. The large pairs of pores of

the petals commence at the outer edge of the internal fasciole, and are formed of large

pores which open into transverse grooves separated by great costse. The poriferous

zones are in shallow grooves, are broad and straight ; they close the petals externally.

The poriferous zones of the antero-lateral ambulacra are shorter than those of the

posterior, and those of the same ambulacra are unequal amongst themselves. In the

antero-lateral petals it is the anterior zone that is the shortest and which commences

furthest from the apical system. In the posterior petals, the anterior poriferous zone is

the longest. The petals are moderately broad and long, and angular externally. The

posterior petals are rather close and the antero-lateral are wide apart and placed almost



344 THE FOSSIL ECHINOIDEA

transversely. The anterior ambulacrum is not petaloid ; it is in a slight groove and

the pores are but slightly distinct.

The peripetalous fasciole is very slightly sinuous, is subelliptical and rather close

to the ends of the petals. The anterior and the antero-lateral interradia have large

tubercles on those portions which are within the peripetalous fasciole. The tubercles

are large, close, and sunk in deep scrobicules. The odd interradium and also the

ambulacra are nearly smooth or finely granular. Actinally the ambulacra are smooth

and only marked by the pores, which are distinct. In front of the anus in the median

line there is an oblong and subcarinate-shaped mass of granules. The interradia on

this surface are covered with large, close, and prominent granules.

The mouth is situated at the anterior one fourth of the distance from the front to

the back of the test. The anus is marginal, the periproct large, angular upwards,

sub-oval, and elongate in the direction of the vertical axis of the test. In some

individuals the odd interradium is raised into the shape of a keel.

Correct as this diagnosis is for the most part, yet there are several misconceptions

in it and there are some very important details omitted which would fix the species

very decidedly. These defects are not to be laid to the charge of the distinguished

French savants, but to the imperfect nature of their specimens.

Shape. The shape is somewhat variable, and there are three types which clearly

belong to this species and which have slightly different shapes. Taking one of these

as the normal form (Plate LIV, Fig. 5), it may be described as long, low, and rather

broad, is generally ovoid, rounded in front except where there is a broad and shallow

marginal groove, broadest a little in front of the centre and on a line with the apical

system, the same breadth extending backwards for a short space and then gradually

diminishing until a decided posterior truncation is reached, so that there is a nipping

in behind, especially posteriorly to the ends of the posterior ambulacra. The margin

of the base is rathersharply curved, and immediately above, the test is tumid in the

anterior regions, almost vertical, for a little height on a level with the posterior

ambulacra, sloping more gently along the course of the posterior ambulacra

to the side of the truncation, and finally truncated posteriorly, for the depression

in which is the periproct, the surface looking backwards and downwards. The
front of the test rises, on either side of the broad anterior sulcus, in a somewhat
sudden manner, and after being vertical, slopes with a very broad curve to a comparatively

flat area, with a very slight ascent posteriorly and behind the apical system. This

gentle slope persists to about one third of the distance from the apical system to the

edge of the truncation, but the slope then commences to be in the opposite direction

and is a little more decided than in front. So the highest point of the test is behind

the apical system, the antero-posterior curvature after the dorsal surface has been
reached being slight. There is some slight angularity of the margins of the test, and
the slight lateral swellings which produce them are one on the edge of the anterior

interradium, just behind the faint keel of the side of the sulcus ; another on the lateral

interradium close behind the line of the anterolateral ambulacrum ; and the third still

further behind and at the spot whence the slope towards the truncation takes its rise
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on the flank of the test. The three lateral swellings, of which the middle one is the

least developed, are symmetrically placed on both sides of the test, and although they

do not appear to relate to any structural peculiarity on the dorsum, they are, on the

actinal surface, the points whence as many series of concentric lines of small tubercles

arise, giving a very varied appearance to the ornamentation of the base.

The actinal surface of the test is not flat, for there is a slight hoUowness around

the mouth, a gentle convexity of the anterior interradia from before backwards, a less

convexity of the lateral interradia from side to side, and a decided carination along the

median line of the sternum, culminating far back in a pointed downward-projecting

summit. This last is crossed by the subanal fasciole and forms the spot on which

the test rests posteriorly. Since the base rests on this projection and on the convexity

in front of the peristome, the greater part of the actinal surface does not touch the

supporting substance, and there is a decided space seen especially between the peri-

stome and the surface on which the Urchin rests. The posterior lip of the peristome

projects downwards, is semi-nodular, and carries many large granules.

Behind the posterior projection of the keel and within the subanal fasciole, the

test slopes upwards and backwards, to reach the rim of the broad smooth surface, which

is below the depression for the anus. •

The lower part of the truncation, or that which is within the semicircular area

enclosed by the subanal fasciole, is convex from side to side and projects along the

median line as a faint ridge. The smooth surface above the upper part of the fasciole

is very concave and at the upper part of this depression is the periproct. Its normal

shape is pyriform, the broad base being towards the actinal part of the test, and the narrow

and angular upper part being close below the edge of the low rounded broad keel of

the odd interradium. In that sense the periproct is marginal ; but it is only near, and

not in or on, the upper and posterior margin of the odd interradium. It is by no means

marginal according to the usual application of the term, for it is some distance above

the posterior margin, even if that part is supposed to be the top of the subanal

fasciole. The posterior edge of the odd interradium forms a broad and low arch, and

where the point of the periproct comes near it the edge is thin ; but on either side of

this central spot there is a thickening of the sides of the arch. The posterior structures

give a greater vertical thickness to the end of the odd interradium than is seen in the

anterior part of the test.

The sulcus for the anterior ambulacrum is well developed as far back as a line a

little in advance of the anterior poriferous zones of the antero-lateral ambulacra, where

it becomes shallower but broader ; thence it diminishes to the apical system. This is

usually in a continuation of the shallow groove, which may even pass as far back as the

posterior angle of the internal fasciole.

The apical system is small, narrow, broader behind than in front, and long, the

length being due to the backward projection of the madreporite, which passes as a

triangular structure between the highest plates of the odd interradium (5) and

separates plates 1 and 2 of zone " a " from their fellows of zone " b," on the other side

3 a
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of the median line. The madreporite may be traced in some specimens in between the

basals " 2 " and " 3 " ; again, a similar intrusion of it exists between the anterior and

posterior basals, a few foramina being seen as lateral offshoots of the main mass of the

madreporite. The apex of this triangle is close to the posterior suture of the second

plate. The pairs of pores for the ducts of the generative glands, and the pores

themselves are close: the anterior pair are slightly smaller than the posterior, and are

closer, rather oval in outline, and their long axis is oblique, the direction being outwards

and forwards and therefore away from the long axis of the test. The anterior pair of

basals are small and the openings occupy the greater part of them. The lateral basals

behind these last are larger, and their pores are larger than those just mentioned, and

although but slightly varying from a circle in outline, it is clear that their long axis is

directed forwards and slightly inwards.

The anterior ambulacrum is very long, and is very narrow on the dorsum. The

divergence of the poriferous zones is very slight from the apex to the margin ; there

it contracts again for a short space and again expands before reaching the peristome.

At the commencement and near the radial plate, the pairs of pores are numerous

and close in succession, and the pores, placed one before the other, are separated by a

small but prominent granule. Further out, but still within the line which would unite

the transverse portions of the antero-lateral ambulacra, the pairs of the pores of the

anterior ambulacrum are in slight depressions surrounded with a minute granulation.

As the plates are large near the position of the crossing over of the internal fasciole,

the pairs of pores are further apart there, and their distance increases gradually to the

margin. On the actinal surface the plates of the ambulacrum are large, and expand so

that the second from the peristome, on both of the ambulacral zones, is the largest.

The peripodial processes of this, and indeed of all the ambulacra, are large, ear-

shaped, slightly sunken below the level of the granular surface of the test, slightly

tumid around, or on one side of the pore, which is usually elongate. The peristomial

margin of the ambulacrum has the plate on zone " b " large, and of course perforated

by two pores, each in a peripodial process ; but the edge of that plate corresponding to

the interradium no. 3 is not straight, but has a re-entering angle placed on a line with

the space between the two peripodial processes. Hence the plate is nipped in as it

were, and this condition existing in the plate " a " of ambulacra no. 4 increases the

breadth of the peristomial plate of the interradium 3. The peristomial ambulacral

plate " a " has the usual soUtary pore, and is decidedly smaller than its neighbour of

the zone "J," The plate is contracted near the margin, and the second plate of the

same zone comes not very far from the peristome, so that its peripodial process lies

anterior, and towards the median line in relation to the pore of the marginal plate.

The peripodial i)rocess of this marginal plate is nearer the margin of the peristome than
that of the plate of zone " b," and this last is nearer the median line of the ambulacrum
than the other. The expansion of the actinal plates of the ambulacrum is almost without
ornament

; but the plates are very sparely marked with distant, yet distinct, granules ;

the sutures are in shallow depressions, and the plates are slightly tumid. There are
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no secondary tubercles resembling those of the interradia on the ambulacral surface,

the comparative plainness of which contrasts with the regular and large ornamentation

of the interradia.

Within the groove at the margin of the test in front, the ornamentation of the

ambulacrum is small and closely granular, and there is an indefinite series of very

small but perfect tubercles, which may be traced to the apical region. The position of

the somewhat broken series is just between the pairs of pores and the median line.

These little tubercles become larger actinally and wider apart. Finally the actinal

surface of this ambulacrum, although it appears flat, is slightly convex from side to side,

and there is no median grooving ; but the peristomial plates rise in the proper position

of the test, and form part of the anterior margin of the peristome.

The antero-lateral ambulacra are nearly transverse in those parts which are ex-

ternal to the internal fascicle, especially the anterior poriferous zone. This may be

slightly curved, so as to bring the outer end more to the front, or there may be a double

curving, which renders the zone rather sinuous, there being a convexity forwards in the

neighbourhood of the fasciole.

The posterior zone is wide apart from the anterior close to the internal fasciole,

and either there is a nearly straight part between this part and the external end of the

ambulacrum, or there is some slight sinuosity of the posterior zone. There is much
variation in the relative direction of these two zones, and in some large specimens there

is an anterior concavity of the anterior one.

The ambulacra now under consideration are angular at the external end of the

perfect poriferous zones ; within the internal fasciole the ambulacrum is also triangular,

the base being at the fasciole and the apex at the radial plate. In this triangle the

posterior zone of pores is nearly transverse, whilst the anterior zone slants from the pair

of pores immediately in contact with the internal fasciole to the proper radial plate.

The poriferous zones outside the internal fasciole are broad, not very long, for

they do not pass over the sudden curve of the test above the ambitus, and the pairs of

pores are in deep and large depressions which are separated by costae, thin and granular

on the free edge, and thick and very solid where they merge into the floor of the

poriferous plate.

The pores of each pair are large, wide apart, deeply seated, and the anterior row

of the anterior zone and the posterior row of the posterior zone are larger than

those of the other rows. The smaller pores are nearly circular in outline, and the

largest are pyriform. The whole of the ambulacrum external to the internal fasciole

is slightly depressed below the level of the interradia, but whilst the poriferous zones

are in shallow grooves the interporiferous areas are rather tumid. These last are crowded

with granules of at least two kinds, and some very small tubercles are found amongst

them with tiny mamelons. Near the internal fasciole the granules and minute tubercles

are arranged in more or less perfect rows parallel to the fore and aft running fasciole.

The pair of pores in the anterior zone next to the fasciole abort more or less ; but

they are really miniature representations of the larger. In many large specimens, how-

3a2
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ever, the pair is only slightly diminished in size. The pairs of pores within the internal

fascicle are small, rather close, and quite as numerous as the others. The pores are

close, very small, except in the instance of the pair close to the fasciole, and their

direction is transverse near the small radial plate and a little oblique further out.

The posterior poriferous zone within the fasciole has almost invariably, but not

universally, three or four pairs, of pores which are similar to those beyond the fasciole ;

they are smaller, especially that pair which is just within the fasciole and that nearest

the first very small pair. Usually the second of these larger pairs is nearly as large

as one of the outer set. The direction of these few pairs of pores is not in continuation

with the line of the posterior poriferous zone from the angle of the ambulacrum, for it

is almost transverse to the long axis of the test.

The very small pairs which continue the larger set to the radial plate are seven or

eight in number, the pores are very small, and they are not separated by any ornament.

The little pairs, however, are in slight depressions which are sunken in a granular

ornament. The direction of their pores is forwards and a little outwards.

The outer angle of the antero-lateral ambulacra is formed by the approach and

contact of the poriferous zones, not that the pairs of pores alter their direction and

close like the radii of a part of a circle. The interporiferous area diminishes in antero-

posterior dimension and becomes as it were thin, permitting the poriferous zones to

come in contact. This is owing to a diminution in the breadth of the ambulacral

plates towards the end of the series of great pores. Usually the poriferous plate at the

end of the posterior zones is smaller than the others, and it gives a preponderance in

length to those zones, for the pair on the outside of the anterior zones, corresponding

in position to that pair which has just been noticed, is very much smaller. This anterior

pair is in a simple depression, its pores are very small, and yet their direction is that of

the larger. Further out the antero-lateral ambulacra take a different direction from

those parts which have been described, become larger, both in height and in breadth,

and this expansion proceeds as far as the edge of the test, where narrowing and increase

in height occur. The direction of the lines of the pairs of pores of this part of the

ambulacra is not in continuation with that of the main poriferous zones, but is oblique,

and in the direction outwards and slightly forwards. On the side of the test the

ambulacra bend slightly, with a convexity forwards, and are in advance of the peristome

were a line to be drawn from it to the anterior edge of the ambulacral plates.

The pores of these extra-petaloid plates are exceedingly minute, and their direction

is more or less transverse ; but after a few plates there is only one pore to each, and it

is not on the suture.

"Below the edge of the test the plates diminish in breadth, and in a worn specimen
there are five seen, the last being in its proper zone at the peristomial margin. The
pores become larger on the actinal surface and are placed on the transverse sutures.

At the peristome the plates are slightly broader than further out, but they are

not so high. In ambulacrum no. IV. the peristomial'plate of zone a has two peripodial

processes and that of zone h but one. Moreover the plate a is the larger. Oa the
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opposite ambulacrum no. II., the peristomial plate of zone a is the largest, and has two

pores, each surrounded by a peripodium, whilst the smaller plate of h has but one, and

there is a cavity in which a sphseridium was probably once placed. The ornamentation of

the peristomial part of the ambulacra resembles that of the odd one ; but in passing over

the side of the test and on to the actinal surface to the third plate from the peristome, the

plates have the ornamentation of the interradia. The peristomial edge of these ambu-

lacra is a narroM', curved, plain ledge. There are usually one or two peripodial pro-

cesses beyond those of the peristomial plates, and it is interesting to note, in some

instances, that these peripodia occupy the place of a tubercle.

The posterior ambulacra are longer than the antero-lateral, are rather close, reach

to the part of the test where narrowing commences, and have an extra- and an intra-

fasciolar part.

Beyond the fasciole, the outer poriferous zones are long, nearly straight, being

slightly bent near it. Like all the zones, this one is slightly sunken. The general

construction is that of the zones already described, and the number of pairs of pores is

from twelve to twenty, according to the length of the individual.

The inner zone, beyond the internal fasciole, is shorter than the outer, commences

on a line much behind it, is slightly wavy, and comes close to the outer zone so as to

close the petal. The interporiferous area is slightly tumid, and ornamented as the

antero-lateral area. Close to the internal fasciole the pairs of pores are smaller than

elsewhere in that part of the zone, and, except in very large specimens, there are no

large pairs within the fasciole.

"Within the fasciole the direction of the pairs of pores of both of the zones

changes, and some pairs of very minute pores pass towards the radial plate, with a

direction forwards and inwards from the outer zone. They are in a slight groove.

The internal poriferous zone within the fasciole is longer than the outer, its direction

is almost parallel with the median line behind the apical disk, and it is separated from

its fellow by the narrow odd interradium.

The actinal part of these ambulacra is very broad on the side of the sternum, and

their plates are unusually large and distinct.

At the peristome the width of the zones is less than further back ; but it is great

nevertheless, and the two sets of peristomial plates of the ambulacra V. and I. are so

large that they contrast with the narrow posterior lip, and the still narrower peristomial

ends of the interradia on either side. The plates at the peristomial margin of zones

a of ambulacrum I., and h of ambulacrum V., are larger than the plates of the zones

h and a of ambulacra I. and V. respectively.

'J'he larger plates, moreover, are pierced by two pairs of pores and have two peri-

podia on each. The outer and smaller plates have only one peripodial process. There

are deep depressions close to the peripodia for the sphseridia in all the peristomial

plates of these ambulacra of the bivium. With regard to the other plates of the

posterior ambulacra, they are symmetrically placed on either side of the sternum, and it

will therefore only be necessary to treat of those of one ambulacrum. Taking no. 1,



350 THE FOSSIL ECHINOIDEA

it will be found that in zone a, the second plate immediately posterior to the peri-

stomial with two peripodia, is longer than broad, large, and has a peripodium at the

anterior and outer angle, close to the transverse suture between the first and second

plates. A few granules are borne upon it. Plate 3 is larger than the other two com-

bined, and is long and broader than the last. The peripodium is small and close to

the suture at the antero-external angle. The fourth plate is nearly as large as the third

;

but there is only a simple pore in it, and it is some distance from the anterior suture.

Plate 5 is about half the size of the last-mentioned, and is longer than broad ; the

pore is very small, and is nearer to the anterior and inner angle than to the outer.

The sixth plate is of course much smaller than the fifth, is broader than long, and is

placed obliquely, the greatest length being in the direction outwards and forwards.

This plate bounds the episternura externally, and towards the median line of the test is

only separated from its fellow plate -of the opposite side by the narrow junction of the

episternal and subanal plates. The plate is therefore one of those which are crossed

by the subanal fascicle, and the inner part is long from the median line outwards and

forwards. The pore is small, and placed close to the episternum at the inner and

anterior angle of the expanded part, which is external to the fasciole. The narrow

internal part of the plate forms with six other corresponding parts of plates one side of

the subanal plastron, which is limited by the subanal fasciole. The part of the plate

within the fasciole is broad from within outwards, and short in the antero-posterior

direction, and this is the shape of the other parts of plates entering into the con-

struction of the shield.

The ornamentation of the plates within the fasciole is of a very elaborate kind, con-

sisting of a row of perfect small tubercles on each plate. The tubercles are minute near

the fasciole, and increase in size to the inner end of the plates. Plates 7 to 11 decrease

in size and breadth, for they are on the fiank of the widening interradial plate no. 4.

Each plate of this group has a part outside of the fasciole which is almost plain, and a

part within which has the ornamentation of the sixth plate. The pores are double in

each of these plates, and are placed on the anterior suture, just within the fasciole, and
in the narrow groove between the ornamented parts. The pores of each pair are close,

and are excavations in the sutural edge. The six pairs of pores form a curve within the
fasciole, and the last pair is remotest from the median line. Taking the other zone
into consideration it will be noticed that the peristomial plate (1, of b) has one peripodium
and a depression for a sphseridium, and that the plate is smaller than a 1. Plate b 2 has
one peripodial process and a sphseridium pit, and the posterior suture of this small plate
does not extend posteriorly to the anterior half of the plate a 2. Plate 3 is long and
narrow, and the imperfect peripodial process nearly occupies the whole of the anterior
part. Plates 4 and 5 are large, long, and broad, and the pores are small and near the
anterior sutures. Plate 6 is almost square, and is much larger than its fellow of zone
a; the pore is small and some distance from the anterior suture. Plates 7 to 11
are small and diminish in length and breadth ; they are more or less rectangular and
somewhat curved, with the convexity backwards. Their pores are single, and each is
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on the anterior suture. The twelfth plate is larger than those immediately anterior to

it, and the others, which are of higher number, increase in size until the crossing of

the peripetalous fasciole. The ornamentation of the ambulacral plates after the second

pair is very simple. In well-preserved specimens there are always distant granules to be

seen, which become rather crowded near the interradia. In some specimens there are

linear depressions on the plates, one to each, and there are two minute granules in each.

The peristome is crescent-shaped in front and at the sides, and the posterior lip

projects forwards and downwards, and is at a lower level than the rest of the mouth, the

whole being within a concavity in the anterior third of the actinal surface.

The peripetalous fasciole is narrow and continuous. It crosses the posterior inter-

radium about halfway between the end of the posterior petals and the edge over the

anus, curves towards and round the end of the posterior petals, and passes forwards

with a slight convexity towards the ambitus, to reach the antero-lateral ambulacra at

some little distance from the termination of the large pairs of pores. During this

last part of its course the fasciole bounds externally an area on which are four rows

of large sunken tubercles, the outer row being the longest as a rule. From this spot

the fasciole passes with a slight curve to the anterior groove, and crossing this at

some distance from the margin of the test, meets its fellow of the opposite side.

In this part of its course the fasciole bounds a tuberculate area where four more or

less developed rows are seen.

The internal fasciole is also narrow, and is usually situated in a very shallow

groove ; but sometimes this becomes indistinct. Posteriorly this fasciole forms a

wide angle between the closely approximated poriferous zones of the posterior ambu-
lacra (zones h of no. V. and a of no. I.). It crosses these poriferous zones, dividing

the large from the minute pairs, at about the seventh interradial plate from the

apex. The fasciole then passes forwards and outwards to reach the outer poriferous

zones of the posterior ambulacra; thence it pursues the same line, and shortly

crosses the posterior poriferous zones of the antero-lateral ambulacra, at spots on a

line drawn across the apical system. In both of the approximated zones of the

ambulacra there are some pores separated from their fellows. From these places the

fasciole passes, being rather narrower, forwards. It crosses the antero-lateral ambu-

lacra and in front of the first large sunken tubercle of the anterior interradia. Passing

a little further to the front and nearly to the second tubercle the fasciole crosses the

anterior groove, the broad keels on either side of it and the narrow odd ambulacrum on

its floor. This part of the fasciole is narrow and is curved forwards.

The subanal fasciole is well marked and broad, and environs a more or less uneven

surface irregularly semicircular in shape. The convexity of the path of this fasciole

is forwards to the keel on the actinal surface at the junction of the sternum and epi-

sternum. The band is limited posteriorly by the plain surface beneath the anal opening.

The fasciole crosses the posterior ambulacra and includes no less than seven plates of

the inner zones, and these form an angular surface on both sides of the episternum

and succeeding interradial plates.
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The pairs of pores of the included zones are just within the fasciole, and those of

the outer zones are considerably beyond it. The ornamentation of these plates has

been noticed ; but it is to be remarked that the fasciole is made up of exceedingly

minute and crowded granules with a row of large ones on the edge. There is a median

line of small tubercles in the area, and a plain surface above it.

The anterior interradia on the dorsum are minutely tuberculated just above the

margin, and still higher up a minute granulation separates some slightly larger

tubercles into irregular transverse lines, which are complicated in some individuals by

the presence of offshoots of the front part of the fasciole. The great sunken tubercles

are between the fasciole and the keel on the side of the anterior groove. Usually there

are three irregular rows of them, and one solitary tubercle is nearest the crossing point

of the internal fasciole and the anterior poriferous zones of the antero-lateral ambulacra.

There are about 13-15 tubercles in the rows in a typical adult form, and there is some

variation in the size of those of the same row. The smallest tubercles are in the outer

row and the most perfect are in the rows nearest the apex.

A typical tubercle has a deep sunken scrobicule, departing slightly from the

circular in outline. The boss is much smaller than the scrobicule, rises suddenly from its

centre as a cylindrical cone, and comes very slightly above the general level of the surface.

It is capped by a small narrow perforate mamelon, which is much smaller than

the top of the boss, which has a wide groove around its base. On the anterior part

of the collar around the groove are a few close nodular processes, simulating a rough

crenulation ; but this condition is only found on one part of the periphery of the boss.

The bosses are in the middle of the scrobicules, and these have sharp edges which are

separated by much close granulation. The rows of tubercles in the lateral interradia

are longer and contain more tubercles than the anterior sets. Three rows and a solitary,

or, in some instances, two tubercles, are seen in the lateral interradia, and the number

is from 20-24. There is some variation in the size. The same kind of granulation

separates these tubercles as is the case in the anterior interradia.

The posterior interradium is without tubercles on the dorsum.

In the anterior interradia, on the actinal surface, there are some closely placed

tubercles, which are on the outskirts of the broad and comparatively bare surface of

the ambulacrum in front of the peristome. The tubercles increase in size and distance

from the margin to the ambulacrum and they are placed upon Hat scrobicules, raised a

little at the edge here and there, with a few small granules between them in some
places. The boss of the tubercles is almost cylindrical and only slightly conical ; it

slants more or less and is usually placed not in the centre of the scrobicule. The
mamelon is small and tumid ; it is perforate and the collar around its union with the

boss is irregularly nodular, and in that sense is crenulated, but usually not all round.

It is evident that the anterior interradia come in contact with the peristome by means
of very narrow parts of the first plates, the surfaces of which are granular. The
lateral interradia actinally are well covered with regularly placed tubercles of the

same type as those of the anterior interradia ; the tubercles are closer at the ambitus,

whence they radiate excentrically from two or three centres, and they are also much
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smaller near the margin and the boss is on one side of the flat scrobicule. The

ornamentation is spaall and in more or less parallel lines near the ambitus and above.

The lateral interradia come in contact with the peristome by means of a narrow

process.

The posterior interradium is narrow and rounded from side to side on the dorsum,

but there is no prominent keel there.

On the actinal surface the interradium presents an exceedingly long plate .1, which

has a narrow, tumid, and highly granular posterior mouth-lip in front and a long narrow

process behind. This plate 1 is bounded, on either side, by the three plates of the

posterior ambulacra, nearest the peristome, the pointed posterior end being on a level

with the termination of the first half of the third plate on either side. The plate is

very slightly raised and has the simple granular and distant ornamentation of the broad

ambulacra on either side. The sternum is small and keeled posteriorly, and generally

rounded ; it is closely and minutely tuberculate and granular, and is limited on either

side by the broad ambulacra, and behind by the subanal fasciole and the episternum.

One plate on either side is posterior and higher than the episternum, and then comes

the periproct ; this part when well preserved is in a broad and deep hollow, and the

surface of the subanal plates is smooth.

There are evidently three types of this species, which are of racial value and no

more—the normal, the broad, and the long.

The amount of structural difference is not specific, nor is it constant. The following

differences have been noticed :—The presence of more large pairs of pores within the

fasciole, and the greater breadth and area of this posteriorly ; the indistinctness of

the peripetalous fasciole in front, and the number of the great sunken tubercles.

Measurements of specimens of Breynia carinata, d'Arch., from various localities

in the Gaj series :

—

a. Length 70 mm. Breadth 64 mm. Height 31 mm.

j3. „ 66 mm. „ 52 mm. „ 26 mm.

Locality, a. Hills about two miles north of Kadeji. Survey-number G \\^.

3. Cliff-section of Kadeji gorge, thirty miles E.N.E. of Karachi. Survey

number G ^2^.

Length 51 mm. Breadth 46 mm. Height 20 mm.

Locality. About three miles S.E. of Tong. Survey-number G ^i-^.

Length 67 mm. Breadth 53 mm. Height 27 mm.

Locality. Ten miles N. of Shah-beg. Survey-number G ^^i-.

Length 62 mm. Breadth 48 mm. Height 24 mm.

This form has a decided roof-shaped keel in the odd interradium dorsally.

Length 54 mm. Breadth 45 mm. Height 23 mm.

„ 52 mm. „ 42 mm. „ 22 mm.

Locality. Hills east of Thana Shah-beg. Survey-number G ^.
Length 50 mm. Breadth 38 mm. Height 24 mm.

„ 46 mm. „ 36 mm. „ 22 mm.

„ 45 mm. „ 34 mm. „ 21 mm.

„ 37 mm. „ 27 mm. „ 16 mm.

3b
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Locality. Mazarani Nai, hills west of Larkhana. Survey-number G ^H-.

This last group of small specimens contains young forms, and the carinate nature

of the post-apical surface is distinct in some.

Other localities :

—

Nari Nai. Survey-number G ^i-^^.
A carinate form.

Pir Gaji. Survey-number G ^H-.

Hills S.E. of Kot-Baruch. Survey-number G ^H-.

Naig-Nai valley. Survey-number G ^q--

Illustrations of the Species in Plate LIV.

Figs. 1-9. Breynia carinata, d'Archiac. Abactinal views, natural size.

Elustrations of the Species in Plate LV.

Fig. 1. Actinal view oi Breynia carinata, d'Archiac.

2. Side view.

8. Posterior view, showing the subanal fasciole.

4. Magnified view of apical system.

3. Peristome: magnified.

6. Actinal tubercle : magnified.

7. Deformed tubercle : magnified.

8. Abactinal large tubercle: magnified.

Subfamily BBISSINA.

Genus BEISSUS, Klein, 1734.

A much, worn specimen from the Gaj series shows the generic characters of Brissus,

except the subanal fasciole, which is not preserved. The apex is far in front, the

anterior ambulacrum evidently was flush with the test, the antero-lateral are transverse

and rather over concave, and the posterior are longer than the anterior, form a sharp

included angle, reach close to the posterior edge of the test, and have a high and

horizontally topped keel between them. There is a trace of the lateral fasciole on one

side.

Locality. Gaj series or Miocene of Sind : Scarp of the M61 Plateau. Survey-

number G ^i^.

1. Brissus, sp. Plate LV, Fig. 9.

There are some very large specimens in the collection from the Gaj series and also

one small form, which are, unfortunately, so badly preserved that the specific characters

are not shown in any one. In a large form the actinal surface is perfect and the

truncated posterior region also ; but it is only by taking the well-preserved parts of

several specimens that an idea can be obtained of the nature of the abactinal
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surface. There is no doubt about the presence of two fascioles, a well-developed

subanal and a peripetalous, which passes from the extremity of each posterior petal to

the end of the antero-lateral with a very slight departui^e from a perfectly direct line.

The fasciole turns sharply round the antero-lateral petal and takes an oblique direction

towards the anterior part of the odd ambulacrum ; it then suddenly turns at right

angles, passes outwards for a short distance, and again turns toward the odd ambulacrum

and crosses it. The fasciole crosses the broad and low surface of the odd-interradium

just behind the ends of the posterior ambulacra.

There is no sulcus or notch for the anterior ambulacrum at the margin of the

test, and there is only a very faint depression on the abactinal surface close to the

apical system for the narrow and ill-developed ambulacrum. The margins are well

rounded in the most perfect specimen, and the actinal surface is convex and marked

with a long, narrow, downward-projecting plastron. The posterior lip of the mouth

projects downwards and is well arched, being at a lower level than the rest of the

margin of the peristome. The antero-lateral ambulacra are at a very wide angle,

are long, narrow, slightly bent with the convexity forwards, and the grooves are shallow.

This shallow condition is seen in a specimen which has not been crushed : but those

forms which have been compressed irregularly always present rather swollen interradia

and as a consequence deepish actinal grooves.

The interporiferous areas are very narrow and slightly granulated and the poriferous

zones are wide. The pairs are close and numerous and there is a narrow costa forming

a ridge between the successive pairs. The pores are rather wide apart and conjugate,

elliptical and in rather deep grooves. A fine granulation is on the costae and inter-

mediate parts.

The posterior ambulacra are longer than the antero-lateral, are in shallow and

rather sinuous grooves, which end remotely from the posterior edge of the test, and are

close together at the apical system, forming an acute angle there.

The apical system is not perfectly preserved ; but it can be seen that there are

two large posterior basals perforated by large pores and separated by the prolongation

backwards of the madreporite. This body is large and pear-shaped and is continuous

with a small plate which appears to have a small generative pore. The posterior radials

are very small. Considering the dimensions of the tests, the apical systems of the

different specimens are small.

The interradia are moderately tumid, the posterior most so.

There are sparely distributed small tubercles on the interradia restricted to within

the fasciole, except in the anterior region. The tubercles are variable in size ; but all

are small and some have a shallow, narrow scrobicule, others and most have not. The

tubercles, which are placed without order, are perforate and crenulate ; a mass of minute

granules covers the abactinal part of the test.

The ambulacra on either side of the plastron actinally, are narrow and very long

before they become broad near the subanal region. The antero-lateral form triangular

spaces, with large ear-shaped or acutely ovate peripodia, well developed and rising above

the common surface. The same shaped peripodia are seen in the anterior ambulacrum,
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surrounding a triangular space, and merging into the narrow path which is carried over

the margin as a series of long plates perforated by one pore. The ornamentation of the

actinal surface is of small tubercles, increasing in size towards the mouth and becoming

wider apart also ; they are in radiating series and start as it were from certain points on

the margin.

The tubercles, which are small, are upon the usual flat scale-like bases, and are

perforate as well as irregularly crenulated.

Very often the mamelon and part of the top of the boss are deformed.

In one specimen the odd ambulacrum can be seen fairly well and it is very narrow

at the apex, in a very slight groove for a short distance, and the pores are small and

environed with granules. Near the apical system there are pairs of pores which soon

become placed with one pore well in advance of the other ; nearer the margin there is

only one pore to a plate, and this is the rule over the margin.

The plates of this ambulacrum become larger actinaUy ; but the only double-

pored plate is that at the edge of the peristome in the zone " b " plate 1 of ambulacrum

III.

The part surrounded by the subanal fasciole looks backwards and downward, and

is heart-shaped. The anus above it is larger elliptical, and is in the posterior narrow

and tumid vertical truncation.

The test when mature is ovoid in outline, but it is truncated posteriorly. It is

depressed and there is a general but only moderate slope to the median line of the

actinal surface from the rather sharply rounded margin. The highest point is behind

the eccentric in front apical system. A younger specimen is proportionally longer in

relation to breadth than the more mature forms, and an intermediate specimen is defi-

cient in the anterior breadth which is noticed in old forms. Growth seems to take

place more decidedly in length and breadth than in height.

Length of large specimen 9 centim., breadth 78 mm., height 42 mm.
Length of middle-sized specimen 73 mm., breadth 66 mm., height 37 mm.
Length of small specimen 44 mm., breadth 35 mm., height 25 mm.
Localities. Gaj series or Miocene of Sind : Amra Hill, Barri Nai, Pir Gaji, west of

Sehwan ; Naig-Nai valley. Survey numbers G ^g^ and G ^^.

Illustration of the Species in Plate LV-

Fig. 9. Actinal view of a medium-sized form.

The full-sized specimens of this species recall the genus Metalia on account of the
comparatively thin margin and shape; but there is no anterior sulcus, the actinal

surface is convex, and the abactinal tubercles are not those of the genus. On the con-
sideration of the whole of the structures the form appears to be inseparable from the
genus Brissus, Klein.
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IV. BemarJcs on the Species.

Besides the remarks made hitherto we make the following observations.

The predominant forms of regular Echini in the Gaj series belong to the genera

Cidaris, Coelopleurus, and Hipponoe. The species of the last-named genus attain truly

gigantic proportions ; and from the fact that they have not been found in older strata,

as well as from their not infrequent occurrence in the Gaj series, constitute a characteristic

feature in the horizon under notice, and help to emphasize its modern facies. Both the

Sindian forms of Hipponoe we consider to be specifically distinct from the H. Sclineideri

described by Bohm from the Tertiary beds of Madura*.

Echinus subcrenatus, unfortunately only represented as yet in the Gaj collection by

fragmentary specimens, is in like manner the first appearance in the Sind Tertiaries of

that cosmopolitan modern genus, and bears evidence to the approach of the present

fauna.

Of Cidaris we have been enabled to describe two distinct species ; but the presence

of other members of the family is proved by the very numerous series of spines obtained

by the Survey. Cidaris opipara presents alliances to the two Cidarids described from

Kattywar and has a distinctly Tertiary facies. C. excelsa foreshadows in several

respects the characters of the recent Goniocidaris. A large number of the isolated

spines have a striking Phyllacanthid facies.

The two species of Ccelopleurus are very common in the Gaj deposits, and the

condition of preservation of many specimens is unusually perfect. There has therefore

been no difficulty in comparing these forms with the modern Ccelopleurus Maillardi of

the Indian seas. The principal distinction between the Miocene and the Eecent species

consists in the greater height and want of obliquity of the interambulacral plates of the

modern type. We have shown in a communication to the Linnean Society f , that the

remarkable arrangement of the ambulacral plates noticed in the fossil forms is well

seen in the recent, and we have indicated that this arrangement, more or less modified,

is a character of the Arbaciadse.

The alliance of the modern and the fossil species is very close, and doubtless, did

the nature of the fossilization permit, the remarkable dowelling and other structures of

the sutures of the plates of the modern form would be found in the ancient.

The new species Ccelopleurus Sindensis has a granular and hardly tubercular

condition of the ambulacra above the ambitus. In all of these Ccelopleuri the optic

pore is double and opens on the adoral edge of the radial plate, a process separating

the pores.

It is perfectly evident that d'Archiac and Haime were mistaken regarding the

Nummulitic derivation of Ccelopleurus Forhesi.

Finally it may be said that these Miocene species are about as closely allied to the

Oligocene form as they are to the recent.

The Temnopleuridse are well represented in the Miocene of Sind, and they clearly

* Denksohr. K. Akad. Wissenseh. Wien, Bd. 45 (1882), p. 362.

t Journ. Linn. Soc, Zool. vol. xix, pp. 25-57,

3c
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characterize, in Sind as well as in Kachh and Kattywar, a higher geological horizon

than that given to them by our predecessors in the study of the fossils of Western

India.

We have given our reasons for not associating the forms which were described by

the great French palaeontologists as members of the genus Temviopleurus with any

other group than that of the genus Temnechinus, Forbes. The common fossil Temne-

chinus Bousseaui occurs, and we find also our Temnechinus affinis in Sind as well as in

Kattywar. But probably the most interesting forms of the genus found in Sind are

the two new species T. stellulatus and T. Gajensis, for their alliance with T. lineatus.

Dune, of the Australian Tertiaries and with the Australian species of the unfortunately

named genus ParadoxecMnus, Laube, is evident.

The new genus Lepidopleurus is a Temnopleurid with angular and adorally over-

lapping coronal plates. We take this opportunity to remark that the new genus has

the ambulacral characters of the Triplechinidse as is usually described and that they are

totally different from those of the Arbaciadse,

The Clypeastridse are largely represented, and Clypeaster is a distinctly dominant

form in the Gaj series. The species which we have associated with the C. profundus

of d'Archiac and Haime is probably the most numerously represented Urchin in the

collection. It has been obtained from many different localities and presents a wide

range of variability.

C. pulvinatus in its general habit has much the appearance of a gigantic C.

scutiformis, the present inhabitant of tropical seas. C. complanatus, comes nearer

perhaps to C. placunarius (Lam.), Agass., than any other form, but is well distinguished.

C. pelviformis is remarkable for its deep basin-shaped actinal surface and widely spaced

scrobicules.

The genus Echinolampas, which by its numerous species formed such an important

feature in the fauna of the underlying Nari and Khirthar series, is represented in the

Gaj series only by E. Jacquemonti and the few doubtful small examples which we have

referred to U. spheroidalis. It is true that E. Jacquemonti occurs in large numbers
and from many different localities, to such extent as to constitute a characteristic form
of the series ; still when compared with the varied species in the lower strata, it is

undeniable that the genus was already on the wane. E. Jacquemonti is nearly allied to

E. indica from the Miocene of Kachh ; and its afl&nities are also close to the species at

present existing in the Indian Ocean.

The genus Schizaster is represented by two species :

—

S. Granti, which is a
characteristic form in the Nari deposits and in Kattywar, is numerous ; S. sufflatus,

an allied but distinct form, is only represented by a single badly preserved e-vample.
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V. TABLE SHOWING THE DISTRIBUTION OF THE FOSSIL ECHINOIDEA
IN THE TERTIARY STRATA OF WESTERN SIND, KACHH, KATTYWAR,
AND THE MAKRAN COAST*.

ECHINOIDEA ENDOCTCLICA.

ClBAEIBiB.

Cidaris, Klein.

C. depressa, D. & S. ...

C exeelsa, D. & S
C. granulata, D. & S." .

C. Halaensis, d'A. & H.
, G. lacrymula, D. & S. .

C. opipara, D. & S. ...

0. Verneuili, d'Arch. . . .

C. sp. indet

C. sp. indet

C. sp. indet

C. sp. indet

C. sp. indet

PhyTlaeanthus, Brandt.

P. Ranikoti, D. & S. . . .

P. Sindensis, D. & S. . . .

P. sp. indet

Leiocidaris, Desor.

L. eanalieulata, D. & S.

.

Goniooidaris, Desor.

G. afftnis, D. & S
Porocidaris, Desor.

P. anomala, D. & S
P. sp. indet

SiLENIADiE.

Salenia, Gray.

8. Blanfordi, D. & S.

Western Sihd.

f^

.^S
s s

+

AkBACTADjE.

Codopleunis, Agass.

C. equis, Agass

G. Forhesi, d'A. & H.
G. Prafti, d'A. & H. .

.

C. Sindensis, D. & S. . .

+
+

+
+
+

C5

+

+

+

+

+

+

+

+

Kachii.

-3

a
a
3 S

+

+

+

Katty-
W\R.

+

+

+

+ +

Maekan
Coast,

+
+

• In order to bring the whole of the Tertiary Echinoidea of Western India, which we have described,

before the reader, we have included in this synopsis, besides the Fauna of "Western Sind, the forms from

Kachh, Kattywar, and the Makran Coast.

3c2
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Table of Distribution {continued).

Tkiplbchinidjs.

Hipponoe, Gray.

H. antiqva, D. & S. ...

H. proavia, D. & S

Echinus, (Rond.) Linn.

E. subcrenatas, D. & S. .

Orammeehinus, D. & S.

O. regularis, D. & S

Eurypneustes, D. & S.

E. grandis, I). & S

^olopneustes, D. & S.

JS. cle Lorioli, D. & S. . .

Western Sind.

DlADKMATIDJ!.

Oyphosoma, Agass.

C. abnormale, D. & S. . . .

C. macrostoma, D. & S. . . .

0. undatum, D. & S

C. sp. indet

Micropsis, Cotteau.

M. veiiustula, D. & S. . .

AccmthecJiinus, J). & S.

A. noduiosvs, D. & S

TeMNOPLEUKID/E.

Temnopleurus, Agass.

T. simplex, D. & S

TemnecMnus, Forbes.
' T. affinis, D. & S

2'. costatus, D. & S

T. Gajensis, D. & S

T. Bousseaui, d'A. & H.
T. stellulatus, D. iSz: S. . . ,

T. tuherculosus, d'Arch. . .

Salmaais, Agass.

S. sp. indet

Lepidopleurus, D. & S.

L. hemisphcericus, D. & S.

L. granulatas, D. & S. . .

Dictyopleurus, D. & S.

D. d'Archiaei, D. &. S. . . ,

D. Haimei, D. & S

D. ziczac, D. & S

Arachniopleurus, D. & S.

A. reticidatus, D. & S. . .

A. reticulatus, var

ProgonecMnus, D. & S.

P. eocenicus, D. & S

+

+

+

+
+
+

+

+

+
+

+

+'

i2

+

+

+

Kaciiii.

+
+

+

+

Katty-
WAK.

%

+

+
+

+

+

Makran
Coast.

+

+

* Doubtful.
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Table of Distribution [continued).

ECHINOIDEA EXOCYCLICA.

GNATHOSTOMATA.

CONOCLTPBID^.

Conoelyjaeus, Agass.

C. alveolatus, D. & S

C. declivis, D. & S

C. galerus, D. & S

0. pinguis, D. & S

C. rostratus, D. & S

C. 8indensis, D. & S

C. sp. indet

EUOLTPEASTEIDJJ.

Echinocyamus, Van Phels.

E. nummulitieus, D. & S

E. nummulitieus, var. obesus, D. & S.

E. nummulitieus, var. oviformis, D. & S

E. nummulitieus, var. planus, D. & S

E. rotundus, D. & S

Sismondia, Desor.

S. polymorpha, D. & S

S. polymorpha, var. sufflata, D. & S.

Glypeaster, Lamk.
C. apertus, D. & S. .

.

C. complanatus, D. & S

C. Carteri, D. & S. . .

C. depressus. Sow
0. Faloriensis, D. & S.

C Goirensis, D. & S.

C. monticulifera, D. & S

C. pehiformis, D. & B-.

C. profundus, d'Arch.

C. pulvinatuD, D. & S.

C simplex, D. & S. .

C. Sowerhyi, D. & S. .

C. suffareinatus, D. & S

C Waageni, D. & S. .

G. sp. indet

Laganum, Klein.

L. tumidum, D. & S.

.

ScTTTEIXIDiE.

Echinodiscus, Breyn.

E. auritus, Leske, var.

E. Desori, D. & S

E. Desori, var

E. elongatv^, D. & S. .

.

E. ellipticus, D. & S. . .

E. placenta, D. & S. .

.

E. sp. indet

E. sp. indet

Wbstekn Sind.

rg-S

« I

i

+

+
+

a

+

+
+
+

+
+
+
+
+

+

Kachh.

+

+

S

+

+

+

Katty-
WAE.

^

+

+

Makban
Coast.

fM

+

+
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Table of Distribution (continued).

ATELOSTOMATA.

CASSIDtTLID^.

Amhlypygus, Agass.

A. alius, D. & S
A. latus, D. & S

A. patellceformis, D. & S
A. jpentagonalis, D. & S
A, suhrotwndug, D. & S
A. suhrotundus, var. conieus, D. & S.

A. tumidus, D. & S
Phyllodypeus, de Loriol.

P. sp. indet

Plesiolampas, D. & S.

P. elongata, D. & S
P. ovaiis, D. & S
P. placenta, D. & S
P. polygonalis, D. & 8
P. prcelonga, D. & S
P. rostrata, D. & S

Eolampas, D. & S.

E. antecursor, D. & S
E. excentricus, D. & S

Echinolampas, Gray.

E. alia, D. & S
E. alia, var

E. cequivoca, D. & S
E. angustifolia, D. & S
E. Damesi, D. ife S
E. d'Archiad, D. & S
E. diffidlis, D. & S '

E. discoideus, d'Arch

E. discoideus, var. a, D. & S
E. discoideus, var. /3, I). & S .

E. discoideus, var. y, D. & S
E. Feddeni, D. & S. . . . ;

E. Haimei, D. & S
E. Indica, D. & S -

E. insignis, D. & S
E. Jacquemonti, d'A. & H
E. juvenilis, D. & S
E. Eachensis, D. & S

E. lepadiformis, D. & S
E. nummulitiea, D. & S
E. ohesa, D. & S
E. placenta, D. & S
E. Radahensis, D. & S
E. rotunda, D. & S
E. Sindensis, d'Arch
E. Sindensis, var. hemisphceriea, D. &
E. spheroidalis, d'Arch ^

Western Sind.

to <i^

+

+

+
+
+
+
+

+

+
+

+
+
+

+

+
+

+

+
+
+

+
+
+

+
+
+
+
+
+

x*>

+

+

Kachh.

+

+

+
+

+

+
+

+

+

g

+

+

+

Katty-
WAB.

MaekAn
Coast.
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Table of Distribution {continued).
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Table of Distribution {continued).

Metalia, Gray.

M. agarieiformis, D.&S
M. depressa, D. & S

M. scutiformis, d'Arch

M. scutiformis, var. rotunda, D. & S.

M. Sowerhyi, D'Arch

M. sp. indet

X M. sp. indet

LintMa, Merian.

L. Indica, D.&S
L. orientalis, D. & S

L. Sindensis, D. & S

L. sp. indet

Schizaster, Agass.

S. alveolatus, D. & S. ,

S. Baluehistanensis, d'A. & H
S. Baluehistanensis, var

S. Oranti, D. & S

S. simulans, D. & S

S. sufflatus, D. & S
*Si. symmetricus, D. & S
jSf. sp. indet

Moira, A. Agass.

M. antiqua, D. & S

M. primcBva, D. & S

M. sp. indet

Prenaster, Desor.

P. oviformis, D. & S
Brissopatagus, Cotteau.

B. Sindensis, D.&S
Breynia, Desor.

B. carinata, d A. & H
Macropneustes, Agass.

M. rotundus, D. & S

M. speciosus, D. & S
Peripneustes, Cotteau.

P. insignis, D. & S
P. sp. indet

Troschelia, D. & S.

T. tubereulata, D. & S

Euspatangus, Agass.

E. affinis, D. & S
E. avellana, d'A. & H
E. cordiformis, D. & S

E. patellaris, d'A. & H
E. rostratus, d'Arch

Gernis indet. (? new)

Westekn Sind.

s

+

+

+

+

+

+

+
+
+
+
+
+
+

+

+

+

+
+

+

+*

+
+

+

+
+

!S

+

Kachh.

+

+

+ +
+

+

+

+

+

+

+

+

+

+
+

Katty-
WAK.

MakrAk
Coast.

S

+

+

Doubtful.



VI. GENERAL INDEX OF GENERA AND SPECIES.

AcANTHECHINtJS 34

Acanthechinus nodulosus 34

^OLOPNEUSIES 47

^olopneustes de Lorioli 48

Amblyptgtts 139

Amblypygus latus 148

patellseformis ] 44

subrotundus 140

, var. conicus 142

tumidus 146

Akachniopleukus •. 42

Aiaclmiopleuriis reticulatus 42

Bebtnia 228, 342

Breynia carinata 229, 343

Bkissopataotjs 226

Brissopatagus Sindensis 226

Brissopsis 202

Brissopsis sufflatus 203

Bkibsub 354

Brissus, sp 354

Cassidulus 65

Cassidulus ellipticus 65

subinvaginatus 182

CiDAElS 7

Cidaris excelsa 282

lacrymula 8

opipara 279

Verneuili 26

, sp 25, 250, 283

Cltpeastek 257

Clypeaster complanatus 325

depressus 327

monticulifera 258

Clypeaster pelviformis 324

profundus 319

pulvinatus 322

simplex 257

, sp 257

CCELOPLETJETTS 251

Coelopleurus equis 251

Forbesi- 256, 287

Pratti 254

Sindensis 298

CONOCLYPETJS 51

Conoclypeus alveolatus 124

deolivis 53

galerus 129

pinguis 126

rostratus 128

Sindensis 51

, sp. ? 52

Cyphosoma 31

Cyphosoma abnormale 32

maerostoma 116

undatum 117

, sp 33

DiCITOPLBTJEUS 38

Dictyopleurus d'Archiaoi 41

Haimei 39

ziczae 38

EcHiNANTmrs 12

Echinanthus enormis 64

iutermedius 177

pumilus 13

ECHINOCTAMTJS 132

Eohinocyamus nummuHticus 132

3 D
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Echinocyamus nummuliticus, var. obesus .... 134

, var. oviformis 135

, var. planus 135

rotundus 135

EcHisroDiscirs 327

Echinodiscus Desori 328

, var 328

elliptious 330

elongatus 331

placenta 329

,sp 329

, sp 331

EcniNOLAMPAS 152

Echinolampas sequivoca 173

angustifolia 164

d'Archiaoi 259

difficilis 258

discoideus 261

, var. a 262

, var. p 263

, var. y 263

Jaoquemonti 332

juvenilis 170

lepadiformis 172

nummulitica 167

obesa 157

placenta 264

Radakensis . 260

rotunda 152

; Sindensis •. 159

, var. hemisphserica 163
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A DESCRIPTION

OF THE

FOSSIL EOHINOIDEA

OP THE

COAST OF BILTJCHISTAN

AND OF

SOME ISLANDS IN THE PERSIAN GULF.

THE MAKRAN SERIES (PLIOCENE).

Plates LVI.-LYIII.

I. Introductory BemarJcs.

We owe the description of the geology of the coast of Biluchistan, or, as it is more

commonly called, the Makran coast, and the collection of fossils, to Mr. W. T. Blanford,

F.R.S., who, whilst Deputy Superintendent of the Geological Survey of India, surveyed

the littoral tracts of Biluchistan and the coast of Persia *. He stated f that " the

prevailing rock along the Makran coast is a pale grey clay more or less indurated,

occasionally intersected by veins of gypsum, usually sandy and often calcareous,

occurring in beds of great thickness. With this clay are interstratified bands of shelly

limestone, calcareous grit, and sandstone, but these usually form but a small portion of

the mass, although their greater hardness makes them conspicuous at the surface.

" In all sea-cliffs and inland scarps the clay is well exposed : thus the magnificent

cliff, nearly 2000 feet high, at Ras Malan is almost entirely composed of it. From its

* Records of the Gaol. Survey of India, vol. v. 1872, pt. 2, p. 41. t Page 43.
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softness it disintegrates rapidly and the usual features of the scenery are peculiar and

characteristic." Sometimes the clayey and calcareous strata are more or less horizontal

and at others they dip at considerable angles, and as the clay wears more rapidly than

the other constituents of the mass, the position of the strata determines flat-topped

hills and a very serrated appearance in the inclined beds. The Makran beds are

evidently of marine origin. They are usually highly fossiliferous, the most abundant

fossils being species of Ostrea, Pecten, and Balanus. Area, Cardium, Lucina, and

species of the family of Veneridce abound, but very often only occur as casts. Gas-

teropoda, though far from scarce, are less common—forms of Cerithium, Turritella, and

Natica being perhaps the most prevalent. Operculina is noticed as the common genus

of Foraminifera. Blanford noticed that the fauna differed from that of the Nummu-
litic rocks and that several of the fossils appeared to be identical with forms now living

in the neighbouring seas. Subsequently, in the ' Manual of the Geology of India,'

p. 470, he showed that the Makran group was probably a marine representative of the

Siwalik or Manchhar beds of Sind and northern India. Some of the Makran beds

were upheaved at least 2000 feet after the close of their deposition, and the upheaval

progressed during the formation of the Littpral concrete.

The other localities where this formation is seen and where Echinoidea have been

found are Henjam Island and Kharak Island, in the Persian Gulf. Although there

can be little doubt that the rocks at both these localities belong to the same series as

those of the Makran coast, the precise horizon may be slightly different, perhaps rather

higher.

So far as the Echinodermata are concerned, no older Tertiary species are found in

the Makran beds, and the Gaj fauna of Sind and of Kachh and Kattywar has but

one doubtful representative in them *. The facies is more recent than Miocene, most

of the species being closely allied to recent forms, and the genera are all represented

in the Asiatic and Australian seas.

The deposit in which the Echinoidea were collected was a shallow-water one, and

most of the specimens are broken, and many are imbedded in a sandy matrix full of

comminuted shallow-water shells.

The forms of Echinoidea which were collected and sent to us by the Geological

Survey of India are all generically, but not always specifically, determinable, and we
have carefully avoided giving a specific name to imperfect specimens.

II. List of the Fossil Echinoidea of the Mahrdn Series.

Order ECHINOIDEA ENDOCYCLICA.

Family CIDARID^.

Oenm Cidaeis, Klein, 1734.

Cidaris, sp. (Goniocidaris ?) : p. 372.

, sp.: p. 373.

* One of the Cidaridse is possibly common to the deposits.



OF THE MAKRAN SERIES. 371

Family TEMNOPLEUBIDJE.

Genus Salmacis, Agassiz, 1841.

Salmacis, sp. : p. 374.

Qenus TEMNOPLErErs, Agassiz, 1841.

Temnopleurus simplex, Duncan 6c Sladen : p. 375.

Order ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family CLYPEASTRIDJE.

Subfamily EtrcLYPEASTEIlfiE.

Genus Cltpeastee, Lamarck, 1801.

Clypeaster sufEarcinatus, Duncan Sf Sladen : p. 376.

Subfamily Laganinje.

Genus Lagantjm, Klein, 1734.

Laganum tumidum, Duncan ^ Sladen : p. 379.

Family SCUTELLID^.

Genus Echinodisctts, Breyn., emend.

Echinodiscus auritus, Leshe, a variety : p. 381.

Suborder ATELOSTOMATA.

Family SPATAMGID^.

Subfamily SPATANGlNiB.

Genus ScHizASTEE, Agassiz, 1836.

Sehizaster, sp. : p. 381.

Genus BsETifiA, Desor, 1847.

Brejmia, sp. ?, young : p. 381,

List of the determined Species.

1. Temnopleurus simplex, Duncan 4" Sladen : p. 375.

2. Clypeaster suffarcinatus, Duncan ^ Sladen : p. 376.

3. Laganum tumidum, Duncan iSf Sladen : p. 379.

4. Echinodiscus auritus, LesTce, var. : p. 381.

List of Forms not identified.

1. Cidaris, sp. (Goniocidaris ?) : p. 372.

2. , sp. : p. 373.

3. Salmacis, sp. : p. 374.

4. Sehizaster, sp. : p. 381.

5. Breynia? sp. : p. 381.
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III. Description of the Species of Echinoidea.

OrtZerECHINOIDEA ENDOCYCLICA.

Family CIDABIDJS.

Genus CIDARIS, Klein, 1734.

1. CiDAEis, sp. (GomociDAKisI). Plate LVI, Figs. 1 & 2.

Several well-preserved fragments of a species of Cidaris are in the collection from

the Makran beds ; but there is not sufficient material to give a specific character, and

indeed the generic position is doubtful.

Test tall ; ambulacra wide and very slightly flexuous, with ten pairs of pores in

relation to a coronal plate at the ambitus.

Interporiferous part of the ambulacral plates as wide as the poriferous zone, but

it is low and ornamented with a small secondary tubercle close to the poriferous zone

and with three small granules, two of which are usually in a line and nearer the adoral

margin of the plate than the aboral. Sometimes there is a small tubercle placed

aborally to the second tubercle. The small secondary is in continuation with, the ridge

which separates the pairs of pores. The adoral pore is usually the larger of the two,

and there is a distinct and broad partition, convex from above downwards, between the

pores of a pair.

The interradial plates are broader than high, the height diminishing towards

the peristome, and the elliptical shape of the scrobicules increases from the ambitus in

both directions. The slope of the coronal plates to the median suture of the inter-

radium is decided, and there is some sinking at the suture. Sometimes there is a

distinct sutural groove between the successive coronal plates. The scrobicular margins

are perfect, and are surrounded by a row of small secondaries with rounded maraelons,

and usually they are small actinally and abactinally to the scrobicule and separated all

round the circle by large granules. The bossis low and has a wide grooved collar ; the

mamelon is hemispherical and has a wide neck. There is perforation but not crenulation.

There is some sinking of the plates within the raised scrobicular margin. Between the

scrobicular circle and the poriferous zone, there is a small row of secondaries close to

the larger series and also some granules, and on the other side at least three rows of

granules are developed between the circle and the sunken median suture, and on a
rather tumid and sloping part of the plates.

Locality. Henjam Island, Persian Gulf. Makran deposits. Survey-number G ^f^.

Illustrations of the Specimen in Plate LVI.

Fig. 1. A part of a test : natural size.

2. Ambulacral plates : magnified.
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This is the form of Cidaris which approaches Goniocidaris, and was noticed in

the Description of the Fossil Echinoidea of Kachh and Kattywar, one of which appears

to be a true Goniocidaris (" Tert. Foss. Echin. Kachh and Kattywar," Pal. Ind.

Ser. XIV. 1883, p. 52).

The broad median area, moderately crowded with very small tubercles and

granules, is very distinctive ; but there is much variation in regard to the amount of

sinking and doubtful pitting at the angles of the median suture. In a fragment of a

large individual there is barely any sinking whatever, and nothing to raise doubts

about the form being a Cidaris, except the broad interporiferous zone. On the other

hand a slightly smaller form, which approaches the type very closely, has great

affinities with Goniocidaris.

The numerous spines which come from the same locality as tliese fragments are

all more like those of recent species of Goniocidaris than of Cidaris.

2. CiDAKis, sp. Plate LVI, Fig. 3.

There is a well-preserved fragment of a small Cidaris, which although having

affinities with the species just described, is to be distinguished by the absence of the

well-developed slope of the coronal plates, from the ring of small tubercles around the

scrobicular margin to the median line. In the species noticed above this surface is

covered with at least three rows of differently developed granules ; but in the present

instance the rows are wanting, and the tubercles around the elliptical scrobicular circle

have a row of large granules on a narrow surface between them and the well-indented

vertical sutures. Moreover, the line of secondary tubercles between the successive

vertical tubercles is sometimes absent and the scrobicules are continuous, or there is

but one, and not a very well-developed, row of secondaries in that position.

The interporiferous part of an ambulacral plate is narrower than the poriferous

portion, and carries a small tubercle close to the adoral pore ; beyond is a smaller one,

and near the ambitus there may be one or two granules between the last-mentioned

tubercle and the median line.

Locality. Henjam Island, Persian Gulf. Makran deposits. Survey-number

n. 362
»J 5 •

Illustration of the Specimen in Plate LVI.

Fig. 3. Coronal plates : magnified.

Spines of CiDAEiDiE. Plate LVII.

Spines of species of more than one genus of the family Cidaridae are common in

the white calcareous deposit, and they are not found in quite a perfect condition, for

the tops of the spiuules on them are broken off. Most of the spines are short, large,

and more or less compressed, and they may be grouped into three sets.

1. Spines not very tall, cylindrical, irregularly and strongly spinulose, expanding

slightly at the summit, where there is a shallow hollow surrounded with spinules.
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One side of the spine is granulated and free from spinules, and the other has them and

also faint granulation. Figs. 1, 2, & 14.

2. Tall compressed spines more or less wedge-shaped, with a considerable

expansion at the summit where the hollowing is considerable, and the crown of

spinules is large. Granules only on one side of the spine, and spinules on the other.

Figs. 3 to 9 and 12 & 13.

3. Short narrow-based spines which expand suddenly, and have a wide and deep

hollow at the summit surrounded by long spinules. Granulation distinct on one side

of the spine. Figs. 10 & 11.

In all these forms the articular fac6tte is smooth and small for the size of the

spines ; there is a slight ring to the cylindrical bouton, which is usually crenulated on

one side. The collerette is smooth and pronounced.

Late researches by A. Agassiz have shown that there is a much greater diversity

of spines in the same species than was formerly acknowledged, and it is therefore not

safe to name forms from the characters of their spines only. Nevertheless, the

resemblance of the spines figured by us to some of those already noticed in describing

the Fossil Echinoidea of Kachh and Kattywar is unquestionable ; and they are found

in deposits with a Goniocidaris *- The similarity of some of the spines to those of

Gonincidaris drawn by A. Agassiz in the " Challenger Echinoidea" is very close f.

Locality/. Henjam Island, Persian Gulf. Makran deposits. Survey-number

Family TEMNOPLEURID^.

Genus SALMACIS, Agassiz, 1841.

1. Salmacis, sp. Plate LVI, Fig. 4.

Fragments of a test of an undescribed species of Salmacis occur, which is

characterized by the presence of three vertical rows of tubercles on each part of the

interradia on either side of the median line, at and below the ambitus. There are'

small secondaries on the coronal plate close to the poriferous zones. There are two
rows of large tubercles within the ambulacra ; they are separated by low granules, and
there is a small secondary on the angle of each plate near the median line. The cuts

are small.

The form is more closely allied to Salmacis Dussumieri, Agass., than to .Salmacis
bicolor, Agass.

Locality. Makran coast deposits. Survey-number 1

Illustration of the Specimen in Plate LVI.

Fig. 4. Part of the test : magnified.

* Pal. Ind. Ser. XIV. 1883, pi. viii, figs. 9-14.

t ' Report on the Echinoidea of the Challenger Expedition,' plate i.
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Genus TEMNOPLEURUS, Agassiz, 1841.

The distinctions between this genus and TemnecMnus, Forbes, have been considered

on a former page in criticizing the zoological position of the forms which were included

in Temnopleurus by d'Archiac and Haime (Part ii, page 36). There is no doubt that

a fossil Temnopleurus occurs in the Indian Tertiaries, for there are numerous parts of

tests of a species of the genus in the Makran deposits. Unfortunately the apical

system is wanting in all ; but the peristome and the ornamentation, which give good

specific distinctions, are present. The species is not without its affinities with Salmads.

1. Temnopleurus simplex, Duncan & Sladen. Plate LVI, Figs. 5-7.

The test is broader than high, broadest at the ambitus, which is situated close to

the resting base, depressed and conical abactinally, tumid at the margin. Actinally

rather tumid, and sloping upwards around the very small and slightly cut peristome.

Ambulacra narrow. The pairs of pores are in simple series, there are three pairs to

each plate, and they are separated by well-developed convex-topped costse which

terminate either in small tubercles or in granules. The pores are on the actinal

surface of the costal ridges. The arrangement of the three pairs of pores to each

plate is slightly pronounced, and there is barely a trace of a curving. The ambulacral

plates are broader than high, and each has a primary tubercle which is crenulate and

imperforate, and is surrounded by a circle of granules, there being also a small

secondary at the aboral angle near the pores. The pits at the angles of the plates are

small and the furrows over the transverse sutures are small, or they may be absent in

young forms.

The interradial plates have only one tubercle on each, but there is sometimes a

secondary at the inner angle as. well as at the poriferous side, and a ring of granules

surrounds the primary and separates it from the secondaries. The shape and size of

the interradial and ambulacral tubercles is much the same.

There are numerous small granules and very small secondaries at the median line,

and the surface is depressed there near the apex. Median furrow distinct, but the

pits and furrows in relation to the transverse sutures are slight. "With growth, the

larger specimens have a barer median area and more distinct pits.

Dimensions. Breadth 25, 19, and 18 millim. ; 13 and 10 millim. high. Peristome

only 5'5 millim. broad.

Locality. Ras Malan, Makran coast. Survey-number G^A--

Illustrations of the Species in Plate LVI.

Fig. 5. The test : natural size.

6. Part of the test near the peristome : magnified.

7. Ambulacral plate : magnified.
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OrAer ECHINOIDEA EXOCYCLICA.

.Suborder GNATHOSTOMATA.

Family CLYPEASTBIBjE.

Subfamily EUCLYPEASTBINJE.

Genus CLYPEASTER, Lamarck, 1801.

1. Clypeaster suffakcinatus, Duncan & Sladen. Plate LVIII, Figs. 1-5.

Marginal contour subpentagonal, with the angles full and well rounded, their

prominence being emphasized by a well-defined reentering curvature in the paired

interradia, the lateral being the deepest ; the odd posterior interradium is usually

truncate, though in some examples slightly reentering.- The contour is thus remark-

ably undulating, and is subject to considerable variation. The length is greater than

the breadth in the proportion of 1 : 0"872 ; and the greatest breadth is opposite the

extremity of the antero-lateral petals; the breadth across the test opposite the

extremity of the postero-lateral petals is distinctly smaller, and the intervening area of

the margin is deeply incurved. The margin is thin and rounded, thicker anteriorly than

elsewhere, but shows scarcely any undulation, in consequence of the generally level

character of the abactinal surface between the margin and the area of the petals. The

abactinal surface passes from the margin with a gentle slope, having a very small angle

of declivity until it reaches the area of the petals, where it rises rather abruptly at a

steeper angle to form a convex dome, which comprises the whole region of the petals.

Seen in longitudinal profile the posterior declivity of the dome is more rapid than the

anterior, and whilst a portion of the test from the dome to the margin forms a gentle

slope posteriorly, it is nearly level and subtumid anteriorly. The summit of the dome
appears in this view slightly truncate, and this truncate area slopes slightly to the front,

the greatest height of the test being excentral and situated at a little distance behind

the apical disk.

The apical disk is subcentral. The ambulacral petals are moderately long, wide,

petaloid, elliptically ovate in outline, completely closed at the outer extremity, and
more or less tumid, sometimes prominently so. The odd anterior and the postero-

lateral ambulacra are of equal length, and longer than the antero-lateral pair. All are

subequal in width. The greatest width of the paired petals lies a little further

outward than midway between the extremities of the petal, and is very nearly half the

length, the actual dimensions of the postero-lateral petal in the specimen under de-

scription being 30 millim. long, and its greatest breadth 14-5 millim. The poriferous

zones are wide, increasing gradually from the apex up to the commencement of the
outer third, where the maximum breadth is reached ; they then decrease slowly and
gradually to the extremity, where they are still wide ; the two zones of a petal trending
towards one another with a well-rounded curvature, until they meet and completely
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close flie outer extremity of the petal, the outer series of pores marking a well-defined,

rounded, but slightly elliptical, outline at the end of the petal. The inner pores are

round, and the outer pores are often very slightly oval or subpyriform ; they are united

by a distinct, but very shallow, conjugating furrow, and the broad intermediate costae are

ornamented with a row of 3-5 small scrobiculated tubercles rather widely spaced, and

with small intervening granules in serial line. The broadest part of the poriferous

zone is 3-5 millim., and is very little wider than one third the interporiferous area at

that place. The widest part of the interporiferous area is at the same place, and

measures 9 millim. in the postero-lateral petals, and a trifle less in the anterior pair.

The odd anterior petal has a rather fuller and more rounded appearance at the

extremity than the others, in consequence of maintaining its greatest breadth undi-

minished rather further outwards than is the case in the paired petals. The distance

of the antero-lateral petals from the margin is rather more than half their length, and

that of the postero-lateral pair slightly greater ; and the distance of the odd anterior is

greater than that of the anterior pair, but less than that of the posterior pair.

The interradial areas are narrow and band-like towards the apex, in consequence of

the size of the petals. The ornamentation of the interradia on the outer part consists

of very small primary scrobiculated tubercles, widely spaced, with the smallest inter-

spaces distinctly greater than the diameter of the scrobicules, and others not unfre-

quently twice as great or even more. The interspaces are ornamented with very

minute and very widely spaced miliary granules, which have the appearance of standing

on a level surface. The ornamentation of the interporiferous ai'eas is much more

crowded in every respect, and has consequently an altogether different facies, the

elements of its composition being, however, the same as those just noticed. On the

actinal surface the primary scrobiculated tubercles are larger along the median area of

the interradia, and are widely spaced there. The tubercles diminish greatly in size

along the margins of the deep ambulacral furrows.

The actinal surface is subplane, and rather abruptly depressed subcentrally to form

a moderately deep, but not widely extending cavity, in which the peristome is situated

;

the interradia at the brink of the concavity having a puffed up or pulvinate appearance,

which is further emphasized by the deep but narrow furrows of the ambulacra. These

extend from the peristome up to within a very short distance from the margin ; and in

some examples a faint continuation may be traced up to the extreme margin. In

large examples the interradial plates have their transverse sutures very faintly

channelled for some distance from the ambulacral furrow and the surface of the plates

is faintly tumid—characters which, together with the small tuberculation above noticed,

give a very ornate appearance to the actinal surface.

The peristome is small and subcircular, sometimes with a faint tendency to a

decagonal form. The periproct is small and circular, situated rather less than its own

diameter away from the margin.

Variations. In general structure this species appears -to be more constant than

usual in the genus ; there is, however, considerable variation in the marginal contour,

and this, at first sight, leads to the supposition that the form is more variable as a whole

3f
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than it really is. In some examples the interradial incurvature of the margin is only

slight, and the general outline is more oval than pentagonal, and these appear to be

smaller examples ; in others again the breadth is nearly equal to the length. The

height and development of the dome varies greatly in different specimens even of the

same size. Not unfrequently examples show some irregularity in the form of the out-

line ; one of these has been figured in Plate LVIII, but the test otherwise is perfectly

typical in character and is beautifully preserved.

Bemarks. In many respects this species recalls C. profundus (d'Arch.), nobis ; but

is distinguished by the strongly incurved margins of the interradia, by the closed petals,

which have also poriferous zones of different form, by the less abruptly rising dome,

and by the subplane actinal surface, with the abruptly depressed subcentral concavity
;

the character of the tuberculation is also different. The present form is very nearly

allied to C. placunarms, Agass. (C. AwmiVg, Klein, pars), the living representative of

which occurs in the Indian Ocean. The fossil is, however, distinguished by the more

prominent anterior radius, by broader petals which are less fully rounded at the extre-

mity, by the greater width and tumidity of the interporiferous area, and by the more
or less abrupt and conspicuous dome, as weU as the widely-spaced ornamentation. The
closed petals are very characteristic of C. suffarcinatus. It is distinguished from

C.latus, Herklots, from the Tertiaries of Java (which Michelin has united to C. placu-

narius), by the more elongate and inflated petals, the narrower poriferous zone, and the

apparently different margin of the test. Our form has also some alliances with the

living C. suhdepressm (Gray), Agass.; but the characters above noted wiU suffice to

distinguish it. It is, however, unquestionably more nearly related to the living than to

any of the fossil species.
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Subfamily LAQANIN^.

The Laganidse, as amended by Alex. Agassiz (Rev. Echini, p. 516), were charac-

terized by him as follows :—" In this subfamily the connection between the two floors

is made by walls running parallel to the edge of the test ; well-developed buccal tubes

;

petals lanceolate ; interambulacra extremely narrow on the actinal side of the test

;

ambulacral furrows straight, and outline more or less pentagonal."

Genus LAGANUM, Klein, 1734.

1. Lagajstum tumidum, Duncan & Sladen. Plate LVIII, Figs. 6-10.

Marginal contour subpentagonal, with the angles well rounded, or sometimes with

a tendency to an oval form. The length is greater than the breadth in the proportion

of 1 : 0*957 ; and the greatest breadth is in a line with the termination of the antero-

lateral petals. The general form is depressed, but the edges are thick and swollen,

forming a broad tumid border to the abactinal surface, between which and the slightly

convex central region there is a distinct depression. The tumid border has the

appearance of being bevelled towards the margin, and the summit of the test is only

very slightly higher than the tumid border. The actinal surface is subplane, or very

faintly concave, slightly and abruptly depressed round the peristome.

The apical system is subcentral and small, having its central area ornamented with

small scrobiculated tubercles, and the madreporiform cleft sigmoid or flexuous in out-

line. The ocular pores are very small and frequently placed at the side of a small

tubercular elevation. The ambulacral petals are long, and extend up to the flank of

the tumid border ; they are lanceolate in outline, the zones converging towards the

outer extremity, which is almost closed, in fact in some examples may be described as

completely so. At the apical extremity the petals appear wide and open. Sometimes

the interporiferous area ils faintly inflated, especially near the apical end. The odd

anterior petal and the postero-lateral pair are subequal in length, and slightly longer

than the antero-lateral pair, and the odd anterior is sometimes slightly narrower than

the other petals, but not invariably so. The greatest width of the paired petals is

rather nearer the apex than midway between the extremities, and is proportional to

the length as 2 : 5, the actual dimensions of the postero-lateral petal in the type

specimen being 15 millim. long, and its greatest breadth 6 millim. The poriferous

zones are narrow at the apical extremity, but increase rapidly in width as they proceed

outwards, and decrease again, but only slightly, along the outer third or fourth of the

zone. Both the inner and the outer pores are small and subpyriform, and are united

by a distinct but very narrow conjugating furrow ; the intermediate costee are low and

comparatively broad, and are ornamented with 2-3 small scrobiculated tubercles and

some minute miliary granules forming a serial line ; sometimes the primary tubercles

are aborted, and there is then a single line of miliaries. The broadest part of the pori-

ferous zone is 1-6 millim., and is more than half the width of the interporiferous area

at that place, which is rather nearer the outer end than midway between the extremities.
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The widest part of the interporiferous area lies within the apical third of the petal and

measures 3-5 millim., and the area contracts very slightly towards the apex.

The interradial areas are very narrow and band-like near the apex, and are

extremely narrow on the actinal surface. The ornamentation consists of very small

scrobiculated tubercles widely spaced, the intervening surface covered with very small

uniform miliary granules comparatively widely spaced. The scrobicules of the inter-

poriferous areas are more closely placed than in the interradial areas; and the

primary tubercles on the actinal surface are slightly larger than on the abactinal

surface, but decrease in size as they approach the median radial furrow.

The peristome is very small and subcircular, with a faint decagonal tendency, and

the surrounding test is slightly but abruptly depressed towards its margin, forming a

steeply inclined bevel. Along the median radial lines is a well-defined but rather

shallow furrow, which extends from the peristome nearly to the margin, dying out

gradually. At the extremity of each groove in the inclined peristomial margin is a

pair of well-developed buccal pores ; and behind these, along the median radial line of

the furrow, there is frequently a uniserial line of granules extending for a considerable

distance from the peristome ; but they are not always present.

The periproct is small and circular, very nearly as large as the peristome, and the

space between the outer edge of the aperture and the posterior margin of the test is

exactly one third of the distance between the margin and the peristome.

In broken tests the internal columnar walls running parallel to the margin, which

are characteristic of the genus Laganum, are well seen.

Variations and young Stages. The general characters of this species are on the

whole remarkably constant, though naturally a certain amount of variation may be

observed in a lai-ge series. This chiefly afi'ects the marginal contour, and the amount

and character of the marginal tumidity, and is probably in great part associated with

the varying stages of growth—smaller examples being less strikingly pentagonal, and

with a more or less definite tendency to a suboval contour ; in these, again, the tumid

border, though still definite, is less developed, and, instead of showing the bevel to the

margin so characteristic of large specimens, is more tumidly rounded. In the smallest

examples the convexity and height of the central region of the abactinal surface is

proportionally slightly greater than in the adult forms, and sometimes also the con-

cavity of the actinal surface is more noticeable. On the whole, however, the characters

of the young form are so well defined, that there is no difficulty in recognizing the

species in small examples 15 millim. in length.

EemarJcs. The form which appears to be the most nearly related to this species is

the living L. depressum, from which, however, it is readily distinguished by its greater

thickness, by the remarkably tumid border, by the greater prominence of the margin

anteriorly, and by the well-rounded posterior radial angles.

Dimensions. Length of the test 47 millim., breadth 45 millim., height 10 millim.

IjQcality. Kharak Island. Survey-number G ^^.
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Illustrations of the Species in Plate LVIII.

Fig. 6. Abactinal view of the test : natural size.

7. Actinal view of the test : natural size.

8. Apical system : magnified.

9. Ornamentation of the abactinal surface : magnified.

10. Portion of the test in the region of the peristome : magnified.

Family SCUTELLIDM

Genus ECHINODISCUS, Breynius {Leske emend.).

We follow the description of this genus which is contained in the ' Revision ' by
A. Agassiz, p. 531.

There is a large, but unfortunately incomplete, form in the collection which differs

very slightly from Echinodiscus auritus, Leske. The length is, however, slightly in

excess of the breadth, and the postero-lateral expansion is only slight.

1. Echinodiscus aukitus, Leske, var.

Locality. Kharak Island. Survey-number G ^f^.

Family SPATANGIDyE.

Subfamily SPATANOIN^.

Many fragments of Echinoidea belonging to this subfamily occur ; but none are

sufficient to enable us to give a generic or a specific name to them. The only form

which" may be named with doubt is a very interesting one, for it has the character of a

young Breynia. It has six tubercles in a lateral interradium and the peculiar ambulacra

of the genus; but no fascicles exist, and the greater part of the apical system is

covered with a very adherent matrix.

Locality. Henjam Island. Survey-number G^-f-^.

IV. Remarks on the Species.

The species of Cidaris from the Persian Gulf are very modern-looking, and one

which has Goniocidaridean alliances is very probably the same as Goniocidaris affinis,

nobis, from the Miocene of Kachh. There are some doubtful points about the species,

however, and we have not thought it advisable to give the specimen a name. It appears

to be an extinct form. The true Cidaris from the Makran beds is allied to the Miocene

species of Kachh and Kattywar, and somewhat to those of Gaj ; but the species has its

characteristics, and when a perfect specimen is found, doubtless the affinity will be

shown to be with the Tertiary rather than with the recent species.

The numerous radioles indicate a number of Goniocidaris-\\\ie forms, and we

regret the meagre nature of the collection of tests.

It is interesting to find parts of such a fragile urchin a& a Salmacis in the col-

3g
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lection, and the species is allied to S. Dussumieri, Agass. The small Temnopleuri are

common, and the species is nearly allied to Salmacis in its affinities, although it is

a true Temnopleurus. But it is an extinct form with small sutural grooves.

The species of Clypeaster described is very common at Kharak Island and charac-

terizes the deposit. It is not a recent form, but is closely allied to C. placunarius,

Agass., and to G. subdepressus. Gray. The closed condition of the petals is interesting.

A Laganum is very common, and is distinguished from the living species L. depressum by
a remarkable tumid border. The Echinodisci are fragmentary, and one must be associ-

ated with E. auritus. These forms, taken with the fragmentary and unsatisfactory

Spatangoids, give a comparatively recent appearance to the fauna and its facies, which
is certainly younger than that of the Miocene deposits of Western India.





VI. Description of the Plates.

PLATE I.

Figure 1. Cidaris lacrymula, Duncan and Sladen (page 8). The test seen in profilej natural

size.

2. The same, magnified.

3. A portion of the ambulacral area, magnified.

4. Profile outline of the same.

5. Interambulacral plate, magnified.

6. A primary tubercle seen in profile, magnified.

7. A portion of the scrobicular ring, showing the shield-shaped boss of the tubercle and the

tear-shaped mamelon, magnified.

8. Plesiolampas elongata, Duncan and Sladen (page 10). Abactinal aspect of the test,

natural size.

9. Actinal aspect of the test, natural size.

10. Outline of the longitudinal profile of the test.

11. Outline of the transverse profile of the test.

12. Apical system, magnified.

13. A portion of the ambidacral and interambulacral areas, magnified.

14. The part of an ambulacrum near the peristome, magnified.

15. Tubercles on the actinal surface, magnified.

16. Tubercles near the ambitus, magnified.
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PLATE II.

Figure 1. Echinanthtts pumilus, Duncan and Sladen (page 13). Actinal aspect of the test,

natural size.

2. Abactinal aspect of the test, natural size.

3. Profile view of the test, showing the posterior extremity, natural size.

4. Outline of the transverse profile of the test.

5. Apical system, magnified.

6. Apical system from another specimen, considerably weathered, magnified.

7. Peristome and floscelle of the same specimen as Figs. 1-5, magnified.

8. Tuberculation of the abactinal surface, magnified.

9. Tuberculation of the actinal surface, just below the ambitus, magnified.
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PLATE III.

Figure 1. Echinanthus pumilus, Duncan and Sladen (page 13). Abactinal aspect of the test,

natural size.

2. Longitudinal profile of the same^ natural size.

3. Transverse profile of the same, showing the posterior extremity, natural size.

4. One of the ambulacral petals, magnified.

5. The two posterior phyllodes of the floscelle, magnified.

6. Longitudinal profile of another specimen, natural size.

7. Transverse profile of the same, showing the posterior extremity, natural size.

8. Actinal aspect of another specimen, natural size.

9. Portion of the margin of the peristome of the same, showing the oral termination of the

ambulacra and the formation of the phyllode, denuded of ornament, magnified.

10. Actinal aspect of another specimen, natural size.

11. Portion of the margin of the peristome of the same, seen obliquely, denuded of ornament,

magnified.

12. Abactinal aspect of the test of a small specimen with well-developed keel, natural size.

13. Longitudinal profile of the same, natural size.

14. Transverse profile of the same, showing the posterior extremity, natural size.

15. Abactinal aspect of the test of a small specimen, natural size.

16. Abactinal aspect of the test of a still smaller specimen, natural size.

17. Three odd anterior ambulacra, magnified.
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PLATE IV.

Figure 1. Linthia Sindensis^ Duncan and Sladen (page 18). Abactinal aspect of the test,

natural size.

2. Longitudinal profile of the same, natural size.

3. Transverse profile of the same, showing the posterior extremity, natural size.

4. Outline of the transverse profile of the test, natural size.

5. Apical system, magnified.

6. Apical extremity of the odd anterior ambulacrum, more highly magnified.

7. Portion of the test, showing the passage of the peripetalous fasciole near the extremity

of a petal, magnified.

8. Portion of the test, showing the ornamentation near the lateral fasciole, magnified.

9. One of the large tubercles on the actinal surface, magnified.

10. Tubercles of the abactinal surface, magnified.

11. Profile view of the same, magnified.
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PLATE V.

Figure 1. Cidaris, sp. (page 25). Au interradial plate^ magnified.

2. A section of a plate^ magnified.

3. A portion of an ambulacrum, magnified.

4. Phyllacanthus, sp. (page 28). Part of a test, natural size.

5. A plate, magnified.

6. CiDARis Verneuili, D'Archiac and Haime (page 26). A plate, natural size.

7. A plate, magnified.

8. A section of a plate.

9. Phyllacanthus Ranikoti, Duncan and Sladeu (page 27). The plates, natural size.

10. An interradial plate, with a portion of an ambalacrum, magnified.

11. Phyllacanthus Sindensis, Duncan and Sladen (page 27). A part of the test, natural

size.

12. A portion, magnified.
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PLATE VI.

Figure 1. Salenia BlanfoedIj Duncan and Sladen (page 29). The test, side view^ natural size.

2. The apical system and upper surface of the test^ magnified.

3. A larger specimen showing the actinal surface^ slightly magnified.

4. The abactinal surface, magnified.

5. A specimen, natural size.

6. A portion of an ambulacrum, magnified.

7. Three plates in the interradium with tubercles, magnified.

8. A young specimen, magnified.
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PLATE VII.

Figure 1. Cyphosoma abnormale, Duncan and Sladen (page 33). The side view of a large

specimen, natural size.

2. The abactinal surface, slightly magnified.

3. A small specimen, magnified 2 diameters.

4. An ambulacrum of the large specimen (Fig. 1), magnified.

5. Interradial tubercles and pores of the smaller specimen (Figure 3), near the ambitus,

magnified.

6. The poriferous zone and the adjoining ambulacral and interradial plates near the

peristome of the larger specimen, magnified.

7. An interradial tubercle and plate of the large specimen, magnified.

8. A young specimen, natural size.

9. The poriferous zone and adjoining ambulacral and interradial plates of Figure 8,

magnified.
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PLATE VIII.

Figure 1. Acanthechinus nodulosuSj Duncan and Sladen (page 34). The testj natural size.

2. Ambulacral and interradial plates near the ambitus, magnified.

3. A primary tubercle, magnified.

4. EuRYPNEUsTES GRANDis, Duncau and Sladen (page 46). Fragment of the test, natural size.

5. Ambulacral and interambulaeral plates, magnified.

6. ^oLOPNEusTEs DE LoRioLi, Duucan and Sladen (page 48) . Actinal view of the specimen,

natural size.

7. Outline of the profile of the test.

8. Ambulacral and interambulaeral plates, magnified.

9. A portion near the peristome, showing the cuts, magnified.
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PLATE IX.

Egure 1. DicTYOPLEURUs ziczac, Duncan and Sladen (page 38), natural size.

2. The apical system, magnified.

3. Part of an ambulacrum and interambulacrum, magnified.

4. DictyofleurUs Haimei, Duncan and Sladen (page 89), natural size.

5. Part of an ambulacrum and interambulacrum, magnified.

6. Arachniopleurus reticulatus, Duncan and Sladen (page 42), natural size.

7. Part of an ambulacrum and interambulacrum, magnified.

8. Some ridges near the apical system, magnified.
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PLATE X.

Figure 1. Progonechinus Eocenicus, Duncan and Sladen (page 48), natural size.

2. An ambulacrum and part of an interradium^ magnified.

3. A portion of the test near the actinostome, magnified.

4. A side view of the test, natural size.

5. DiCTYOPLEURUs d'Archiaci, Duncan and Sladen (page. 41), natural size.

6. An ambulacrum and part of an interradium, magnified.

7. A weathered specimen^ natural size.

8. The same, part of an ambulacrum and interradium, magnified.

9. A spine of a species of Cidaris (page 50) , natural size.

10. A portion, magnified.

11. A spine of a sj)ecies of Cidaris (page 50), natural size.

12. A portion, magnified.

13. A small spine of a Cidaris (page 50), natural size.

14. The ring around the cavity for the tubercle, showing incomplete crenulation, magnified.
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PLATE XI.

Figures 1-11. Spines of Cidaridse; genus Cidaris, natural size. Figs. 5*, 10*, and 11*: Orna-

mentation, magnified. (Page 50.)

12. A spine of Porocidaris, natural size. (Page 50.)

13. The same, magnified.

14-23. Spines of Phyllacanthus, natural size. Fig. 16* : Ornamentation, magnified.

(Page 50.)
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PLATE XII.

Figure 1. Conoclypeus Sindensis, Duncan and Sladen (page 51). The test, from below., natural

size.

2. An end of an ambulacrum, slightly magnified.

3. The ornamentation of the test, magnified.

4. Part of an ambulacrum, high up, magnified.

5. A specimen of a Conoclypeus (?) (page 52), side view, natural size.

6. Its periproct, natural size.

7. Conoclypeus declivis, Duncan and Sladen (page 53) . The test, natural size.

8. PiiYLLOCLYPEUs (Dc Loriol's genus), species unknown (page 54). Phyllode, magnified.









PLATE XIII.

Figure 1. Plesiolampas rostrata, Duncan and Sladen (page 61). The abactinal surface.

2. The side view.

3. The periproct, natural size.

4. Plesiolampas placenta, Duncan and Sladen (page 54) . Actinal surface.

5. Another specimen, abactinal surface.

6. Part of an ambulacrum, magnified.

7. The peristome, slightly magnified.

8. The peristomial margin, with an ambulacrum and faint bourrelets, magnified.

9. The longitudinal outline.

10. Plesiolampas polygonahs, Duncan and Sladen (page 61). The abactinal surface.

11. The longitudinal outline.









PLATE XIV.

Figure 1. Plesiolampas placenta, Duncan and Sladen (page 54). The rudimentary phyllode,

magnified.

2. Plesiolampas pr^longa, Duncan and Sladen (page 56). Actinal aspect of the test,

natural size.

3. Apical disk and part o£ the surrounding portion of the abactiual surface, magnified.

Also a portion of the poriferous zone, more highly magnified.

4. Plesiolampas ovalis, Duncan aad Sladen (page 58). Actinal aspect of the test,

natural size.

5. Portion of the median granular band leading from the peristome to the periproct,

magnified.

6. Outline of the longitudinal profile of the test.

7. Abactinal aspect of another specimen, natural size.

8. Apical disk and portion of the abactinal surface of another specimen, magnified.

9. Abactinal aspect of the test of a young specimen, natural size.

10. Actinal aspect of the same, natural size.

11. Abactinal aspect of a young specimen, natural size.

12. Apical disk and surrounding portion of the abactinal surface of the same specimen,

magnified.

13. Outline of the longitudinal profile of the same specimen, natural size.

14. Actinal aspect of the test of a very young specimen, natural size.

15. Outline of the longitudinal profile of the same specimen, natural size.

16. Abactinal view of the test of the same specimen, natural size.

17. Peristome of a specimen one inch in length, magnified.

18. Apical disk and surrounding portion of the abactinal surface of the test of the same
specimen, magnified.
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PLATE XV.

Figure 1. Rhynchopygus Calderi, d^Archiac and Haime, sp. (page 67). Side view, natural

size.

2. Prom behind, natural size.

3. The odd amhulacrum, slightly magnified.

4. The pitted structure of the actinil median area, magnified.

5. Rhynchopygus pygm^us, Duncan and Sladen (page 68) . The test, from above, natural

size.

6. Part of the phyllode and pitted structure, magnified.

7. Cassidulus ellepticus, Duncan and Sladen (page 65). The test, from above, natural

size.

8. The transverse section, natural size.

9. The floscelle and ornamentation, magnified.

10. The ornamentation of part of an ambulacrum.

11. Paralampas pileus, Duncan and Sladen (page 73). The side view of the test, natural

size.

12. The posterior view, natural size.

13. The marginal outline, from the actinal side.

14. The abactinal area, magnified.
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PLATE XVI.

Figure 1. Neocatopygus rotundus, Duncan and Sladen (page 76). The test^ from above,

natural size.

2. The test, from below, natural size.

3. The floscelle and peristome, magnified.

4. A side view of the test, natural size.

5. The posterior view, magnified.

6. The transverse outline.

7. The apical system, magnified.

8. A small specimen, from above.

9. The ornamentation, magnified.

10. Part of an ambulacrum, magnified.
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PLATE XVII.

Figure 1. Paralampas minoe, Duncan and Sladen (page 74). View from the side^ natural size.

2. View from behind^ natural size.

3. The apical system and petals, magnified.

4. The peristome, magnified.

5. EcHiNANTHus ENORMis, Duncan and Sladen (page 64). A large specimen, side view,

natural size.

6. A smaller specimen (the type), side view, natural size.

7. The same from behind, natural size.

8. The apical region, magnified.

9. The peristome, magnified.

10. Ornamentation, magnified.

11. EoLAMPAS ANTEcuRsoR, Duucau and Sladen (page 62). The side view, natural size.

12. From behind, natural size.

13. Outline of actinal surface, natural size.

14. The apical system and petals, magnified.

15. The peristome, magnified.
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PLATE XVIII.

Figure 1. Eurhodia Mobrisii, D'Archiac and Haime (page 70). The test, from above, natural

size.

2. Side view, natural size.

3. Transverse outline.

4. Actinal surface, natural size.

5. Apical system, magnified.

6. A portion of an ambulacrum, magnified.

7. The peristome and its ornamentation, magnified.
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PLATE XIX.

Figure ]. Pkenastkr oviformis, Duncan and Sladen (page 90). View from above, natural size.

2. Actinal surface, natural size.

3. -Side view, natural size.

4. Posterior view, natural size.

5. Part of the odd anterior ambulacrum and ornamentation, magnified.

6. Part of an antero-lateral ambulacrum, magnified.

7. Hemiaster ELONGATUs, Duncan and Sladen (page 78). The test, from above, natural

size.

8. Actinal surface, natural size.

9. The apical system, magnified. .

10. Outline of side view of a specimen, natural size.

11. Part of the anterior ambulacrum^ magnified.

12..

13. y Outlines of the test of small specimens, from above, natural size.

14.3

15. The test, from behind, natural size.



f0 •>

as?'
.^ft:%

'X...^'^'

* » ^

<W

/ \

n 14.

JO







PLATE XX.

Figure 1. Linthia Indica, Duucan and Sladen, variety (page 83). Aetinal vieWj natural size.

2. Side view, natural size. Specimen rather crushed.

3*. Outline of test, natural size.

3. Apical system, magnified.

4. Linthia Indica, Duncan and Sladen, variety (page 82). Side view, natural size.

5. Linthia Indica. Abactinal view, natural size.

6. Posterior view, natural size.

7. Young form. Side view, natural size.

8. Posterior view, natural size.

9. Linthia, sp. (page 85) . Abactinal surface, natural size.

10. ScHiZASTER ALVEOLATUS, Duncan and Sladen (page 87 ) . From above, natural size.

11. Posterior view, natural size.

12. Ornamentation near the ambulacra, magnified.

13. Antero-lateral petal, magnified, showing fasciole.

14. Apical system of a specimen of a Schizastek from Kach, magnified ; but it is probable

that it is not of the same species as the above.
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PLATE XXI.

Figure 1. Leiocidaris canaliculata, Duncan and Sladen (page 109). The test seen in profile,

natural size.

2. Actinal view of a part of the test, natural size.

3. Plates of the interambulacral area, magnified.

4. Ambulacral plates, a little above the ambitus, magnified.

5. Ambulacral plates from a larger specimen, at the ambitus, magnified.

6. Ideal section of an ambulacral area.

7. A portion of a spine, magnified.

8. A young specimen, seen in profile, magnified.

9. Ambulacral plates from the same, magnified.

10. PoRociDAKis ANOMALA, Duucau ^nd Sladen (page 113). The test seen in profile,

natural size.

11. Actinal view of a part of the test, natural size.

12. An interambulacral plate with the adjacent portion of the ambulacral area, magnified.
(The scrobicule ought to be more distinctly oval transversely than represented in this

figure, or in Figure 10.)

13. Ambulacral plates, magnified.

14. Outline of a fragment of a spine, slightly magnified.
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PLATE XXII.

Figure 1. Micropsis venustulAj Duncan and Sladen (page 119). Profile view of the test,

magnified x 3.

2. Abactinal view of the test, natural size.

3. Actinal view of the test, showing peristome, natural size.

4. Abactinal view of the test of a pentagonal variety, natural size.

5. Apical disk, magnified x 7.

6. Ambulacral and interambulacral plates, magnified.

7. Diagram of the poriferous plates of the ambulacral plate.

8. Cyphosoma macrostoMa, Duncan and Sladen (page 116). Profile view of the test,

natural size.

9. Actinal view of the test showing peristome, natural size.

10. Ambulacral and interambulacral plates, magnified.

11. CYPaosoMA UNDATUM, Duucan and Sladen (page 117). Outline of the profile contour

of the test, natural size.

12. Ambulacral and interambulacral plates, magnified.

13. Temnechinus Rousseaui, d'Archiac, sp. (page 122) *! Profile view of the test,

magnified x 2.

14. Ambulacral and interambulacral plates, magnified.

* This species is probably included by accident in the Khirthar series.
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PLATE XXTII.

Figure 1. Couoclypeus alveolatuSj Duncan and Sladen (page 124). Abaetinal view of the test,

natural size.

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. A bourrelet and rudimentary phyllode, magnified.

5. Terminal extremity of an amhulacral petal, magnified.

6. Apical disk, magnified.

7. CoNocLYPEUs piNGuis, Duncau and Sladen (page 126). Abactinal view of the test, natural

size.

8. Actinal view of the test, natural size.

9. Longitudinal profile of the test, natural size.

10. Terminal extremity of an amhulacral petal, magnified.

11. Apical disk, magnified.
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PLATE XXIV.

Figure 1. CoNoCLYPErs rostratus, Duncan and Sladen (page 128). Abactinal view of the testj

natural size. '

2. Longitudinal profile of the teat, natural size.

3. A portion of the left posterior ambulacral petal, at its widest part, magnified.

4. Terminal extremity of the same petal, magnified.

5. CoNocLYPEUs GALERrs, Duncan and Sladen (page 129). Abactinal view of a fragmentary

test, natural size.

6. Longitudinal profile of the same specimen, natural size.

7. Longitudinal profile of another test, natural size.

8. A portion of an ambulacral petal, at its widest part, magnified. (Same test as figs. 5 & 6.)

9. Terminal extremity of the same petal, magnified.

10. Diagram showing the arrangement of the ambulacral plates on the actinal surface, near

the peristome, magnified.
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PLATE XXV.

Figures 1-8. Sismondia polymorpha, Duncan and Sladen (page 137). Abactinal view of a

series of specimens to show the variations of the marginal outline, natural size.

9. Abactinal view of the test of the same specimen as Fig. 8, magnified x 3^.

TO" Actinal view of the same specimen, magnified x 2^.

11. Longitudinal profile of the same specimen, magnified X 2^.

12. Apical disk and surrounding portions of the test, magnified.

13. Peristome and surrounding portions of the test, magnified.

14. EcHiNOCYAMUS NOMMULiTicus, Duncan and Sladen (page 132). Abactinal view,

natural size.

15. The same, magnified.

16. Actinal view of the test, magnified.

17. Longitudinal profile, magnified.

18. Transverse profile, magnified.

19. Apical disk and surrounding portions of the test, magnified.

20. Peristome and surrounding portions of test, magnified.

21. EcHiNocYAMUs NUMMULiTicus, var. OBEStTs (page 134). The test, natural size.

22. Abactinal view of the test, magnified.

23. Actinal view of the test, magnified.

24. Longitudinal profile, magnified.

25. EcHiNOCYAMUs NUMMULITICUS, var. oviFORMis (page 135). The test, natural size.

26. Abactinal view of the test, magnified.

27. Actinal view of the test, magnified.

28. Longitudinal profile, magnified.

29. EcHiNocYAMus NUMMULITICUS, var. PLANUS (page 135). The test, natural size.

30. Abactinal view of the test, magnified.

31. Actinal view of the test, magnified.

32. Longitudinal profile, magnified.

33. EcHiNocYAMus ROTUNDUs, Duucan and Sladen (page 135). The test, natural size.

34. Abactinal view of the test, magnified x 4.

35. Actinal view of the test, magnified x 4.

36. Longitudinal profile, magnified x 4.

37. Apical disk, magnified.
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PLATE XXVI.

Figure 1. Amblypygus subrot0ndus, Duncan and Sladen(page 140). Abactinai view of the

test, natural size.

2. Aetinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. Apical'disk, from another specimen, slightly weather-worn, magnified.

5. Portion of the aetinal surface of the same specimen, magnified.

6. Arrangement of the ambulacral plates near the middle of a petal, magnified.

7. Arrangement of the ambulacral plates near the ambitus, magnified.

8. Arrangement of the ambulacral plates on the aetinal surface, midway between the

peristome and the margin, magnified.

9. Abactinai view of the test of a young specimen measuring 40 millim. in length,

natural size.

10. Longitudinal profile of the same specimen, natural size.

11. Abactinai view of the test of a young specimen measuring -58 millim., natural size.

12. Aetinal view of the same specimen, natural size.

13. Longitudinal profile of the same, natural size.

14. Var. coNicus. Longitudinal profile, natural size.
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PLATE XXVII.

Figure 1. Amblypygus patelljEformiSj Duncan and Sladen (page 144). Abactinal view of

the test, natural size.

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. Amblypygus ttjmidus, Duncan and Sladen (page 146) . Abactinal view of the test,

natural size.

5. Actinal view of the test, natural size.

6. Longitudinal profile of the test, natural size.

7. Amblypygus latus, Duncan and Sladen (page 148). Abactinal view of the test,

natural size.

8. Actinal view of the test, natural size.

9. Longitudinal profile of the test, natural size.
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PLATE XXVIII.

Figure 1. Echinolampas rotunda^ Duncan and Sladen (page 152). Abactinal view of the

test^ natural size.

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. The apical disk, magnified.

5. A portion of a petal, about midway between the extremity and the apex, magnified.

6. The peristome and surrounding portions of the test, magnified.

7. Echinolampas subconica, TDuncan and Sladen (page 155). Abactinal view of the

test, natural size.

8. Actinal view of the test, natural size.

9. Longitudinal profile of the test, natural size.

10. The apical disk, magnified.

11. A portion of a petal about midway between the extremities, magnified.

12. Echinolampas obesa, Duncan and Sladen (page 157). Abactinal view of the test,

natural size.

13. Actinal view of the test, natural size.

14. Longitudinal profile of the test, natural size.

15. The apical disk, magnified.

16. A portion of a petal, about midway between the extremities, magnified.
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PLATE XXIX.

Figure 1. Echinolampas Sindensis, d'Archiac (page 159). Abactinal view of the test of a

large example, natural size.

2. Longitudinal profile of the same specimen, natural size.

3. Abactinal view of a test of ordinary size, natural size.

4. Actinal view of the same, natural size.

5. Longitudinal profile of the same, natural size.

6. Peristome and surrounding parts of the test from another specimen, magnified.

7. A portion of the ambulacral area, near the middle of a petal, magnified.

8. Abactinal view of the test of a young specimen, natural size.

9. Actinal view of the same test, natural size.

10. Longitudinal profile of the same, natural size.

11. Echinolampas Sindensis, var. hemisphjerica, Duncan and Sladen (page 163).

Abactinal view of the test, natural size.

12. Actinal view of the same, natural size.

13. Longitudinal profile of the same, natural size.

14. Longitudinal profile of another specimen, somewhat less tumid, natural size

15. Longitudinal profile of a large specimen, natural size.

16. Abactinal view of the test of a small specimen, natural size.

17. Longitudinal profile of the same, natural size.
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PLATE XXX.

Figure 1 . Echinolampas angustiT'olia, Duncan and Sladen (page 164). Abactinal view of

the test, natural size.

2. Actinal view of the same, natural size.

3. Longitudinal profile of the same, natural size.

4. Actinal view of a smaller specimen, natural size.

5. Transverse profile of the same specimen, seen from behind, natural size.

6. Abactinal view of the test of a young specimen, natural size.

7. Actinal view of the same, natural size.

8. Longitudinal profile of the same, natural size.

9. Transverse profile of the same, seen from behind, natural size.

10. Peristome of the same specimen, magnified.

11. Primary tubercles on the actinal surface of the same specimen, magnified.

12. EcHiNOLAMPAS NUMMTJLiTicA, Duucau and Sladen (page 167). Abactinal view of

the test, natural size.

13. Actinal view of the test, natural size.

14. Longitudinal profile of the test, natural size.

15. Actinal portion of the left anterior ambulacrum, magnified.

16. EcHiNOLAMPAS JUVENILIS, Duucau and Sladen (page 170). Abactinal view of the

test, natural size.

17. Actinal view of the test, natural size.

18. Longitudinal profile of the test, natural size.
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PLATE XXXI.

Figure 1. Echinolampas, sp. Junior (page 174). Abactinal view of the test^ natural size.

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. Abactinal area, showing the petals, magnified.

5. The peristome and surrounding portions of the test, magnified.

6. Echinolampas lepadiformis, Duncan and Sladen (page 172). Abactinal view of the

test, natural size.

7. Actinal view of the test, natural size.

8. Longitudinal profile of the test, natural size.

9. Abactinal area, showing the petals, magnified.

10. The peristome and surrounding portions of the test, magnified.

11. EoLAMPAs ExcENTKicus, Duucau and Skdcu (page 150). Abactinal view of the test,

natural size.

12. Actinal view of the test, natural size.

13. Longitudinal profile of the test, natural size.

14. Abactinal area, showing the petals, magnified.

15. The peristome and surrounding portions of the test, magnified.
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PLATE XXXII.

Pigure 1. EcHiNOLAMPAS MQViYOCA, Duncan and Sladen (page 173). Abactinal view of the test

natural size.

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. EcHiNANTHUS iNTEBMEDius, Duncan and Sladen (page 177) . Abactinal view of the test,

natural size.

5. Actinal view of the test, natural size.

6. Longitudinal profile of the test, natural size.

7. Transverse profile, s^en from behind, natural size.

8. The peristome and surrounding portions of the test, magnified.

9. Ilarionia Sindensis, Duncan and Sladen (page 179) . Abactinal view of the test, natural

size.

10. Actinal view of the test, natural size.

11. Longitudinal profile of the test, natural size.

12. Transverse profile, seen from behind, natural size.

13. Abactinal area, showing the petals, magnified.

14. The peristome and surrounding portions of the test, magnified.

15. Abactinal view of the test of another specimen, natural size.

16. Longitudinal profile of the same test, natural size.

1 7. Abactinal view of the test of a small round example, natural size,

18. Longitudinal profile of the same test, natural size.
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PLATE XXXIII.

Figure 1. Rhynchopygus CalderIj d'Archiac and Haime, sp. (page 184). Abaetinal view of the

test, natural size.

1 a. Ambulacral petal, magnified.

2. Longitudinal view of the same test, natural size.

3. The same test seen from behind, natural size.

4. Actinal view of another test, natural size.

5. The peristome and surrounding portions, magnified.

6. Abaetinal view of an abnormal specimen, in which the odd anterior ambulacrum is

aborted, natural size.

7. Rhynchopygus pygm^eus, Duncan and Sladen (page 187). Abaetinal view of the test,

natural size.

8. Actinal view of the test, natural size.

9. Longitudinal profile of the same test, natural size.

10. The same test seen from behind, natural size.

11. Abaetinal view of the test of a large, widely expanded, high form, natural size.

12. Longitudinal profile of the same test as fig. 11, natural size.

13. Abaetinal view of the test of another large form, natural size.

14. Longitudinal profile of the same test as fig, 13, natural size.

15. Abaetinal view of the test of a flat, depressed variety, natural size.

16. Longitudinal profile of the same test as fig. 15, natural size.

17. Cassidtjltjs subinvaginatus, Duncan and Sladen (page 182). Abaetinal view of the

test, natural size.

18. Actinal view of the test, natural size.

19. Longitudinal profile of the test, natural size.

20. The test seen from behind, natural size.
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PLATE XXXIV.

Figure 1. Hemiaster apicalis, Duncan and Sladen (page 193). Abactinal view of the test, natural

size.

2. Longitudinal profile of the test, natural size.

3. Front view of the test, natural size.

4. Apical disk, magnified.

5. Portion of the odd anterior ambulacrum, magnified.

6. Portion of one of the antero-lateral petals, magnified.

7. Ornamentation of the test near (above) the ambitus in one of the anterior interradia,

magnified.

8. Hemiastee nobilis, Duncan and Sladen (page 196). Abactinal view of the test, natural

size.

9. Longitudinal profile of the test, natural size.

10. Portion of the odd anterior ambulacrum, magnified.

11. Portion of one of the antero-lateral petals, magnified.

12. Hemiaster carinatus, Duncan and Sladen (page 198). Abactinal view of the test,

natural size.

13. Portion of the odd anterior ambulacrum, magnified.

14. Portion of one of the antero-lateral petals, magnified.

15. ScHizASTER siMULANs, Duucau and Sladen (page 223). Abactinal view of the test,

natural size.

16. Longitudinal profile of the test, natural size.

17. Gen. et sp. indet. (page 241). Abactinal view of the test, natural size.
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PLATE XXXV.

Figure 1. Moira prim^va, Duncan and Sladen (page 335)*. Abactinal view of the test^ natural

size.

2. Longitudinal profile of the test, natural size.

3. Ornamentation of plates in the lateral interradium^ magnified.

4. Hemiaster digonus, d'Archiac (page 200). Abactinal view of the test, natural size.

5. Actinal view of the test, natural size.

6. Longitudinal profile of the test, natural size.

7. A portion of the abactinal surface, to show the apical disk, the ambulacral petals, and

the fasciole, magnified.

8. Abactinal view of a test with very broad anterior groove, natural size.

9. Abactinal view of a test, with apical disk very excentric posteriorly, natural size,

10. Metalia Sowerbyi, d'Archiac, sp. (page 206). Abactinal view of the test, natural size.

11. Actinal view of the test, natural size.

12. Longitudinal profile of the test, natural size.

13. A portion of the abactinal surface to show the apical disk and ambulacra, magnified.

14. Abactinal view of the test of a young specimen, natural size.

15. Actinal view of the same, natural size.

16. Longitudinal view of the same, natural size.

17. Brissopsis sufflatus, Duncan and Sladen (page 203). Abactinal view of the test,

natural size.

18. Actinal view of the test, natural size.

19. Longitudinal profile of the test, natural size.

20. A portion of the abactinal surface to show the apical disk and the ambulacral petals,

magnified.

21. Abactinal view of the test of a young example, natural size.

22. Actinal view of the same test, natural size.

23. Longitudinal profile of the same, natural size.

24. A portion of the abactinal surface, magnified.

25. Hemiaster, sp. (page 201). Abactinal view of the test, natural size.

26. Actinal view of the test, natural size.

* This species is probably included by accident in the Khirthar series.
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PLATE XXXVI.

Figure 1. Metalia scutifoemis, d'Archiac, sp. (page 309). Abactinal view o£ the test, natural

size.

3. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. The apical disk, magnified.

5. A portion of the ahactinal surface, to show the ahtero-lateral petal and the fasciole, mag-

nified.

6. Metalia sctitiformis (?) var. kotunda, Duncan and Sladen (page 311). Abactinal view

of the test, natural size.

7. Longitudinal profile of the test, natural size.

8. Metalia depressa, Duncan and. Sladen (page 211). Ahactinal view of the test, natural

size.

9. Longitudinal profile of the test, natural size.

10. A portion of the abactinal surface, to show the apical disk, the ambulacral petals, and the

fasciole, magnified.

11. Metalia agariciformis, Duncan and Sladen (page 213). Abactinal view of the test,

natural size.

12. Actinal view of the test, natural size.

13. Longitudinal profile of the test, natural size.

14. A portion of the abactinal surface, to show the apical disk and the ambulacral petals,

magnified.

15. Metalia, sp. (page 215). Abactinal view of the test, natural size.

16. Longitudinal profile of the test, natural size.

17. Metalia, sp. (page 316). Abactinal view of the specimen, natural size.

18. Peripneustes, sp. (page 334) . Abactinal view of the test, natural size.

19. Longitudinal profile of the test, natural size.

30. ScHiZASTER, sp. (page 334). Abactinal view of the test, natural size.

31. Longitudinal profile of the test, natural size.

22. EcHiNOLAMPAs, sp. (page 176). Abactinal view of the teat, natural size.

23. Longitudinal profile of the test, natural size.
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PLATE XXXVII.

Figure 1. Micraster tumiduSj Duncan and Sladen (page 189). Abactinal view of the testj natural

2. Actinal view of the test, natural size.

3. Longitudinal profile of the test, natural size.

4. Odd anterior ambulacrum, magnified.

5. Portion of one of the petaloid ambulacra, magnified,

6. Apical disk, magnified.

7. LiNTHiA ORiENTAHs, Duncan and Sladen (page 317). Abactinal view of the test, natural

size.

8. Actinal view of the test, natural size.

9. Longitudinal profile of the test, natural size.

10. Odd anterior ambulacrum, magnified.

11. Portion of one of the petaloid ambulacra, magnified.

12. Apical disk, magnified.

13. Abactinal view of an abnormal unsymmetrical test, natural size.

14. Abactinal view of another abnormal unsymmetrical test, natural size.

15. ScHizASTER sYMMETRicus, Duncan and Sladen (page 220). Abactinal view of the test,

natural size.

16. Actinal view of the test, natural size.

17. Longitudinal profile of the test, natural size.

18. The test seen from behind, natural size.

19. Odd anterior ambulacrum, magnified.

20. Portion of one of the petaloid ambulacra, magnified.

21. Apical disk, magnified.
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PLATE XXXVIII.

Figure 1. Macropneustes speciosus, Duncan and Sladen (page 229). Abactinal view of the test,

natural size.

2. Longitudinal profile of the test, natural size.

3. Apical disk, magnified.

4. Portion of the odd anterior ambulacrum, magnified.

5> Portion of the antero-lateral ambulacrum, magnified.

Macropneustes rotundus, Duncan and Sladen (page 232) . Abactinal view of the test,

natural size.

7. Actinal view of the test, natural size.

8. EusPATANGTJS AVELLANA, d'Archiac and Haime (page 235). Abactinal view of the test,

natural size.

9. Actinal' view of the test, natural size.

10. Transverse profile of the test, seen from behind, natural size.

11. Longitudinal profile of the test, natural size.

12. The peristome and surrounding portions of the test, magnified.

13. The apical disk, the odd anterior ambulacrum, and the right antero-lateral petal,

magnified.

14. Ettspatangus cordiformis, Duncan and Sladen (page 238). Abactinal view of the test,

natural size.

15. Etjspatangus rostratus, d'Archiac (page 240). Abactinal view of the test, natural size.

16. Actinal view of the test, natural size.

17. Longitudinal profile of the test, natural size.

18. Portion of a lateral ambulacrum, to show ornamentation, magnified.

19. Brissopatagus Sindensis, Duncan and Sladen (page 226), Abactinal view of the test,

natural size.

20. Actinal view of the test, natural size.

21. Longitudinal profile of the test, natural size.



Geol- Sfjj-vey of Indxcv.

Ph,t, XXXVIII.

Duncan & Sladen dir. A S Foord hth.

Fossil' Echuuidca from' Smd.
Klni-thai- Sci'j

Mm-temBro's imp







PLATE XXXIX.

Figure 1. Cidaeis. sp. (page 250). The test^ natural size.

2. A coronal plate and part of an ambulacrum, magnified.

3. CcELOPLEURUs EQUis, Agassiz (page 251). The test, abactinal view.

4. Side view of the test.

5. Interradial plates; lower part of fourth and the whole of the fifth from the apex,

magnified.

6. Interradail plate with tubercles at the ambitus, magnified.

7. Ambulacral triplet and tubercle (actinal surface), magnified.

8. The apical disk, magnified.

9. CcKLOPLEURUs Pratti, d^Archlac (page 254). The test, from above.

10. Part of ambulacrum and interradium, at ambitus, magnified.

11. Apical disk, magnified.

12. Semi-diagram of the oblique interradial plates and of the direction of the ambulacral

sutural lines, magnified.

13. Clypeaster, sp. (page 257). Abactinal view.

14. Actinal view.
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PLATE XL.

Figure 1. Clypeaster simplex, Duncan and Sladen (page 257). The test, from above.

2. Longitudinal section in outline.

3. Clypeaster monticulifera, Duncan and Sladen (page 258). The test, from above.

4. Longitudinal outline.

5. EcHiNOLAMPAS DiFFiciLis, Duucau and Sladen (page 258). The test, abactinal view.

6. The actinal surface.

7. Side view of the- test.

8. EcHiNOLAMPAS d'Archiaci, Duucau and Sladen (page 259). The test, abactinal view.

9. Side view.

10. EcHiNOLAMPAS Radakensis, Duucau and Sladen (page 260). The test, from above.
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PLATE XLI.

Figure 1. Echinolampas discoidbuSj d'Archiac (page 261).

2. Side view.

3. Variety a. Large specimen (page 262), truncated in front, actinal surface.

4. The peristonle of another specimen, natural size.

5. The floscelle and peristome^ semi-diagram, magnified slightly.
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PLATE XLII.

Kgure 1. EcHiNOLAMPAS PLACENTAj Duncan and Sladen (page 264). Abactinal view.

2. Actinal view.

3. Linear longitudinal section.

4. ScHizASTER Granti, Duncan and Sladen (page 268). Side view, showing shape, but

not the details.

5. Abactinal view.

6. A large specimenj much worn, linear outline.
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PLATE XLTII.

Figure 1. Echinolampas tumida, Duncan and Sladen (page 265). Side view.

2. Actinal viewj natural size.

3. Plates of anterior odd ambulacrum^ worn, showing the obliquity of the poriferous zone,

magnified.

4. Part of a poriferous zone, showing the ornamentation of the costse, magnified.

5. Actinal ornamentation, magnified.

6. Euspatangus rostrattjs, d^Archiaq (page 267).
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PLATE XLIV.

Figure 1. Cidaris opipara, Duncan and Slaiien (page 279) . Abactinal view of the test, natural size.

2. Profile view of the same test, natural size.

3. Actinal view of a smaller specimen, natural size.

4. Ambulacral plates near the amhitus, from the same specimen as Fig. 1, magnified.

5. Ambulacral plates on the abactinal part of the area, from the same specimen, magnified.

6. Interambulacral plate, from the same specimen, magnified.

7. Portion of an ambulacral area, to show the flexure and the posture of the plates, from the

same specimen as Fig. 3, magnified. (Inadvertently placed upside down by the artist.)

8. Portion of the margin of the peristome, from the same specimen, magnified.

9. Cidaris excelsa, Duncan and Sladen (page 282) . Interambulacral plate, magnified.

10. Ambulacral plates, magnified.

11. A fragment of the test, natural size.









PLATE XLV.

Figures 1-17 and 19-28. Detached spines of several species of Cidaris (page 283).

18. Spine of an unknown species (page 285).

Each spine is drawn natural size : the reverse side and a magnified portion being also

given in some cases.
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PLATE XLVI.

Figure 1. Ccelopleurus Forbesi, d'Archiac (page 287)

.

2. Aaother specimen.

3. CosLOPLEURUS SiNDENSis, Duncan and Sladen (page 298).

4. Ccelopleurus Forbesi. A small specimen (page 295).

5. Ccelopleurus Sindensis. A more tumid form.

6. The apical disk of a small specimen, magnified.

7. Ccelopleurus Forbesi. An ambulacrum, abactinal part, magnified, showing the sutures

fairly well.

8. Ccelopleurus Sindensis. Part of an interradium near the apical system, magnified.

9. Ccelopleurus Forbesi. The peristomial part of an ambulacrum, showing the "Tags,"

magnified. (The artist has placed, by mistake, two pores actinally to one of the

ambulacral tubercles.)

10. Ccelopleurus Sindensis. Part of an ambulacrum, magnified.
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PLATE XLVII.

Figure 1. C(elopleurus Sindensis^ Duncan and Sladen (page 298).

2. An apical plate, the radial III., magnified.

3. Temnechinus Rousseaui, d'Archiac (page 303). The test, natural size.

4. The interradium and ambulacrum near the peristome, magnified, showing the structure

of the ambulacral plates.

5. Lepidopleurus hemispHjERicus, Duncan and Sladen (page 306).

6. The apical system and part of the test, magnified.

7. Part of the test near the ambitus, magnified.

8. Temnechinus stellulatus, Duncan and Sladen (page 304).

9. Part of the side of the test, magnified.

10. Temnechinus Gajensis, Duncan and Sladen (page 305). A test.

11. Part of the test, magnified.

12. Temnechinus Rousseaui, d'Archiac. A plate and part of an ambulacrum, magnified.
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PLATE XLVIIT.

Figure 1. Hipponoe proavia, Duncan and Sladen (page 310). Profile view of the test, natural

size.

2. Actinal view of the samCj natural size.

3. Interradial plates, to show ornamentation, magnified.

4. Part of the ambulacral area, to show the composition of the plates, magnified.

4 a. Diagrammatic sketch of ambulacral plates, to show the disposition of the ornamen-

tation, magnified.
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PLATE XLIX.

Figure 1. Hipponoe proavia, Duncan and Sladen (page 310) . Fragment of a small test^ probably

belonging to this species^ natural size.

2. HiPPONOE ANTiQtjA, Duucan and Sladen (page 313). Abactinal view of the test^ natural

size.

3. Actinal view of a smaller specimen, natural size.

4. Profile view of the same fragment, natural size.

5. Echinus subcrenatus^ Duncan and Sladen (page 317). Abactinal view of the test,

natural size.

6. Ambulacral and interambulacral plates, a little above the ambitus, magnified.

7. ScHizASTER suFPLATUs, Duucau and Sladen (page 339). Abactinal view of the test,

natural size.

8. Longitudinal profile of the test, natural size.

9. Ambulacral plates in the odd anterior ambulacrum, magnified.
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PLATE L.

Figure 1. CtYPEASTER profundus (d^'Archiac), Duncan and Sladen (page 319). Abactinal yiew of

the test, natural size.

2. Longitudinal profile of the same, natural size.

3. An ambujacral petal, magnified.

4. Ornamentation of the interradial plates on the abactinal surface, magnified.

5. ClypeASTER PULVINATUS, Duncan and Sladen (page 322). Abactinal view of the test,

natural size.

6. Longitudinal profile of the same, natural size.

7. Clypeaster PELviFORMis, Duucan and Sladen (page 324). Abactinal view of a small

test, natural size.

8. Longitudinal profile of the same, natural size.

9. Actinal view of a larger test, natural size.

10. Clypeaster complanatus, Duncan and Sladen (page 325) . Abactinal view of the test,

natural size.

11. Actinal view of the same, natural size.
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PLATE LI.

Figure 1. Echinodiscus Desori, Duncan and Sladen (page 338). Actinal view, natural size.

2. An outline of a test of the same species.

3. A variety of the species, abactinal view.

4. Abactinal view of another variety (page 328).

5. Abactinal view of the same variety.

6. A magnified view of the lunule from below.

7. EcHiNODiscus PLACENTA, Duncan and Sladen (page 329). Portion of an inter-

radium and ambulacra, slightly magnified.

8. EcHiNODiscTJS Desori. Broken test, showing the crushed jaws from above, and

some of the supporting structures between the upper and lower parts of the test.

9. Part of the same, magnified.

10. EcHiNODiscus ELONGATUS, Duncan and Sladen (page 331). The test in outline,

natural size.

11. ECHINODISCUS ELLiPTicus, Duucau and Sladen (page 330). The test, natural size.

1 2. ECHINODISCUS Desori, var. Side view of a portion of a test, showing the plates and

pillars in section.
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PLATE LII.

Figure 1. Echinodiscus placenta, Duncan and Sladen (page 329). Abactinal viev, natural

size.

2. The apical disk, magnified.

3. Part of an ambulacrum, magnified.

4. Echinodiscus, sp. (page 331) . Part of the test^ abactinal view, natural size;

5. Actinal view of the same specimen.

6. Part of the same magnified, showing the ambulacra near the peristome.

7. Surface of a test, showing the tops of the supporting structures.

8. Echinodiscus placenta, Duncan and Sladen. A portion of an ambulacrum and

lunule, slightly magnified^
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PLATE LIII.

Figure 1. Echinolampas Jacquemonti^ d'Archiac and Haime (page 337). Abactinal view of

a regularly convex, subdepressed form, natural size.

2. Longitudinal profile of the same, natural size.

3. Abactinal view of a high, subconical, and rather elongate form, natural size.

4. Longitudinal profile of the same, natural size.

5. Actinal view of the same, natural size.

6. Abactinal view of a broad-petalled variety, natural size.

7. The peristome and surrounding parts of the test, magnified.

8. Abactinal view of a small subrotund test, natural size.

9. Longitudinal profile of the same, natural size.

10. Actinal view of the same, natural size.

11. The peristome and surrounding parts, from the same specimen, magnified.

12. Portion of an ambulacral petal, to show the ornamentation, magnified.

13. Actinal view of a small tumid test, natural size.

14. Longitudinal profile of the same, natural size.

15. Echinolampas spheroidalis ?, d'Archiac (page 338). Actinal view of the test of

the largest specimen, natural size.

] 6. Abactinal view of another specimen, much crushed and weathered, natural size.

17. Longitudinal profile of the same specimen as Pig. 15, natural size.

18. Actinal view of a small specimen, natural size.

19. Longitudinal profile of the same, natural size.

Erratum in the lettering of the Plate :—For Fig. " 12 " (adjacent to Fig. 19) read "
18.
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PLATE LIV.

Figures 1-9. Breynia cakinata, d'Archiac and Haime (page 313). Abactiual views of various

specimens. Fig. 5 is the normal form.
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PLATE LV.

Mgure 1. Breynia carinata, d'Archiac and Haime (page 343). Actinal view.

2. The test, side view.

3. The posterior view, with the subanal fasciole.

4. The apical system, the internal fasciole, and the ambulacra within the fasciole, magnified.

5. The peristomial area, showing the floscelle, the interradia coming to the oral margin,

the wide posterior ambulacra, and the long and narrow plate of the posterior inter-

radium, magnified.

6. A tubercle of the actinal surface, magnified.

7. A tubercle of the same region, showing the hypertrophy of the crenulation on one side,

magnified.

8. A tubercle in its sunken scrobicule, from the abactinal surface, magnified.

9. Brissus, sp. (page 354) . Actinal surface, natural size.
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PLATE LVI.

Figure 1. CidariSj sp. A part of a test, natural size (page 372).

3. Ambulaeral plates, magnified.

3. Coronal plates of a species of Cidaris, magnified (page 373).

4. Portions of a Salmacis, magnified (page 374)

.

5. Temnopletjrus simplex, Duncan and Sladen (page 375). The test, natural size.

6. Part of the test near the peristome, slightly magnified.

7. Ambulaeral plate, magnified.
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PLATE LVII.

Spines of CiDARiDiE (pages 373, 374).

Figure 1. Front view of a tall spinulose radiole, witli a shallow cup at the top surrounded by

stout spinules, natural size.

2. Back view of the same, natural size.

3. Front view of a more stunted-and flatter radiole, with close and short spinules, natural

size.

4. Back view of the same.

5. Side view, showing the cup, natural size.

6. 8, 11, and 12. Front views of radioles of the same type, natural size.

7. 9, 13. Back views of the same, natural size.

10. Back view of a radiole and its base ; the latter is magnified.

14. A small radiole, natural size.
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PLATE LVIII.

Figure 1. Clypeaster suffarcinatuSj Duncan and Sladen. Abactinal vieWj natural size

(page 376).

2. Actinal vieWj natural size.

3. Profile vieWj natural size.

4. Part of an ambulacrum and adjacent interradium, magnified.

5. Part of the margin of the peristome, magnified.

6. Laganum tumidum, Duncan and Sladen (page 379). Ahactinal view, natural size.

7. Actinal view, natural size.

8. Apical system, magnified.

9. Ornamentation of the abactinal surface, magnified.

10. Part of the test near the peristome, magnified.
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PEEFACE.

Having completed the descriptions of the Fossil Echinoidea from the two lower horizons

of the Tertiaries of Western Sind, we began to study the forms which were found in

the Khirthar and Nari series of that country. In all this research we obtained but

little assistance from the many admirable works which have of late years been written

on the Tertiary Echinoidea. We found that we were working amongst faunas which

were singularly isolated. Moreover, not a little perplexity was caused by our inability

to discover traces of many of the species which were described by d'Archiac and

Haime in their classical work, 'Sur les Animanx Fossiles de I'lnde,' as characterizing

Nummulitic strata.

Some very valuable descriptions of Egyptian and Lybian Nummulitic Echinoidea

have lately been published bydeLoriol; and we considered that it might be advisable

to investigate the fine collection of Echinoidea from the Tertiaries of Kachh and

Kattywar which had been carefully collected by the Geological Surveyors of India

under the care of H. B. Medlicott, Esq., F.R.S,, the Superintendent of the Survey.

We hoped to trace affinities between the Sindian and Kachh faunas on the one hand,

and between those of Egypt and Kachh and Kattywar on the other. Hence this work

appears before our Memoirs on the Fossil Echinoidea of Western Sind are completed.
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A DESCRIPTION

OF THE

TERTIAEY FOSSIL EOHINOIDEA

OF

KACHH AND KATTYWAR.

I. BemarJcs on the Geology of Kachh in Relation to that of Sind and Kattywar.

By W. T. Blanfokd, F.E.S., late of the Geological Survey of India.

My friend Professor P. Martin Duncan has asked me to write a few lines on the

Tertiary rocks of Cutch (Kutch or Kachh) and their connexion with the corresponding

formations of Sind, as an introduction to the description of the Cutch Tertiary Echi-

noidea. I have much pleasure in aiding so far as I am able in explaining the relations

of the beds ; and I find that some explanation is necessary, owing to the terms applied

to the Kachh groups by Mr. Wynne, and adopted in the 'Manual of the Geology of

India ' byMedlicott and Blanford, having been applied in a somewhat different sense

by Mr. Fedden in the lists of localities sent with the fossils now described.

Before proceeding to details, it will be useful to notice the general characters and

position of the Cutch Tertiary rocks, their connexion with the formations of the same

age in Sind, Kattywar, &c., and the accounts given of them by different observers.

Kachh, or Cutch, it is scarcely necessary to say, is a district lying east of the mouths

of the Indus, and surrounded on three sides by a flat marshy plain called Ran, and

composed of alluvial deposits, the fourth or south side bordering the sea and the Gulf

of Cutch. The Tertiary rocks occupy a belt, varying in breadth from about 4 miles to

20, between the alluvium near the coast and the older Mesozoic rocks in the interior.

The Tertiary belt laps round the older rocks to the westward, where the whole of the

Tertiary series is best exposed, and a few outliers occur even north of the Mesozoic

area.

B
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West and north-west of Cutch a wide area is occupied by the Indus delta, and the

Tertiary beds only reappear in Sind after an interval of about 80 miles. There is nearly

the same break to the southward before the corresponding formations are met with in

Kattywar. The Sind beds form a part of the widely developed Tertiary region that

extends northward to the foot of the Himalayas, and westward to the Persian Gulf or

even further. The classification of the Sind Tertiary beds has already been explained*,

and the different subdivisions may now be accepted, on the evidence of the corals and

Echinoidea, as occupying the following position in the geological series :

—

Manchhar or Siwalik, Upper .... Pliocene.

„ „ Lower .... Upper Miocene.

Gaj Miocene.

Nari, Upper Lower Miocene,

„ Lower Oligocene.

Khirthar Eocene.

Ranikot Lower Eocene.

The beds beneath the Ranikdt group form apparently a passage .to the Cretaceous

system

.

Of these diiferent groups the Lower Nari and the Gaj, both highly fossiliferous

marine formations, occur with but little change throughout Sind ; both, however, dis-

appear completely further north. The Ranikot appears to be purely local, and is

confined to the country near Tatta, Jhirak, and Kotri. The Khirthar group comprises

the massive Nummulitic limestone of the Baluchistan frontier, in places 1500 to 3000

feet thick, and a great thickness of shales, marls, and sandstones beneath the limestone.

Some of these shales and marls on the frontier of Northern Sind and to the westward

may represent the Ranikot group of the Lower Indus valley, although they do not

contain its peculiar fauna. Where the Khirthar beds rest upon thfe Ranikot group

they have lost greatly in thickness, the great limestone bed is represented by a number

of thinner beds interstratified with sandy and shaly deposits, and the fauna, although

rich, differs materially from -that of the great limestone band of Northern Sind.

Further research to the northward has shown, in fact, that these great belts of Nummu-
litic limestone are of very irregular occurrence, that they vary in thickness by thousands

of feet in the course of a feAv miles, and that they may occur at different horizons in the

Eocene system.

The Tertiary rocks of Kachh were divided by Captain Grantf, the first geological

explorer of the province, into Nummulitic and Tertiary, the former, in accordance with

the views prevalent at the time, being considered Pre-Tertiary. MM. d'Archiac and
Haime, however, classed both divisions as Eocene; and their views, which were quite

erroneous, have long misled geologists both in India and Europe. Mr. Wynne, in his

* " Fossil Corals of Sind," Pal. Ind. ser. xiv. vol. i. 1880.

t Trans. Geol. Soc. ser. ii. vol. v. pp. 300, &c.
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Memoir on the Geology of Cutch, classed the Tertiary beds thus (Mem. Gaol. Surv.

Ind. vol. ix. p. 75, and MSS.) :—

F. Upper Tertiary.

E. Argillaceous group.

D. Arenaceous group.

C. Nummulitic group.

B. Gypseous shales.

A. Subnummulitic.

The lower four subdivisions, A, B, C, D, he considered Eocene, the group E Upper

Eocene or Miocene, F the Upper Tertiary, Miocene, or Pliocene. In the ' Manual of

the Geology of India,' p. 344, the only important modification was that the Argillaceous

group E was classed as Miocene, and equivalent to the Gaj group of Sind, the Arena-

ceous group being supposed, though with much doubt, to be the same as the Sind

Nari.

In the collection of Cutch Echinoidea sent to England for examination the speci-

mens are labelled from two subdivisions, the " Nummulitic " and the " Arenaceous

group." There is clearly a mistake in the latter name, for the fossils are shown, by

their nature and localities, to be from the " Argillaceous group " of Mr. Wynne's
memoir and map. These beds are the Tertiary beds of Captain Grant, and are now

shown by the examination of the fossils to be of Miocene age. It will be well in

future to cease to employ these local terms of Arenaceous and Ai'gillaceous groups

;

like other mineral terms they are liable to mislead, and in this case they have been

confounded. It is clear that the Miocene beds of Cutch are allied to the Miocene

or Gaj of Sind, some of the fossils, as Breynia carinata (the most characteristic

Gaj species) and Coelopleurus Forbesi, being identical. Whether there is any difference

will probably be better decided after the Echinoidea from the Gaj series are examined.

It appears also that representatives of the Nari or Oligocene limestone occur in

Cutch, where they have not been distinguished on the map from the Eocene Num-
mulitics (in Sind the separation was entirely due to an examination of the species of

Foraminifera occurring). The Arenaceous group of Mr. Wynne's memoir and of the

manual, but not of the present monograph, corresponds, both in position and mineral

character, with the sandy Upper Nari group of Sind—a somewhat important subdivision,

as it has now been traced northward up the Suleman range of the Western Punjab.

The Kattywar Echinoidea are all Miocene ; but it is possible that a thin repre-

sentative of the Eocene system occurs in Kattywar, as it certainly does in Eastern

Guzerat near Surat. Kattywar is now undergoing examination by Mr. Fedden, whose

description has not yet been published.

b2
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II. lAst of the Species of Fossil EcUnoidea from the Nummulitic Series of Kachh.

Order ECHINOIDEA ENDOCYCLICA.

Family QLTPHOSTOMATA.

Subfamily Temnopleueidje.

Qenus Aeachmiopietibus, Duncan Si' Sladen, 1882.

Arachniopleurus reticulatus, var., Duncan S[ Sladen : p. 11.

Order ECHINOIDEA EXOCTCLICA.

Suborder G-JSTATHOSTOMATA.

FamUy CLYPEASTBID^.

Subfamily ErCLYPEASTEIDjE.

Genus Sismoitdia, Desor, 1857.

Sismondia polymorpha, Duncan S[ Sladen, var. sufflata : p. 91.

Genus Citpeastee, Lamarck, 1801.

Clypeaster apertus, sp. nor. : p. 11.

Suborder ATELOSTOMATA.

Family QA8SIDULIDM.

Subfamily EOHINONEllf^.

Genus Amslysyqvs, Agassiz, 1840.

Amblypygus altus, sp. nov. : p. 16.

pentagonalis, sp. nov. : p. 18.

Subfamily Echinolampin^.

Genus Echinolampas, Gray, 1825.

Echinolampas alta, sp. nov. : p. 19.

, variety : p. 22.

Feddeni, sp. nov. : p. 23.

Kachensis, sp. nov. : p. 25.

Haimei, sp. nov. : p. 26.

Damesi, sp. nov. : p. 27.

insignis, sp. nov. : p. 29.

Vicaryi, d'Archiac ^ Haime : p. 33.
sp. : p. 31.

sp. : p. 32.



OF KACHH AND KATTYWAR.

Family SPATANQIDJE.

Subfamily SpatangiNjE.

' Genus Hemiastee, Desor, 1847.

Hemiaster decipiens, sp. nov. : p. 34.

carinatus, sp. nov. : p. 35.

sp. : p. 35.

Oenus ScHiZASTEB, Agassis, 1836.

Sehizaster BalucMstanetisis, d'Archiac, variety : p. 38.

Gernis Pebipneustes, GoUeau, 1875.

Peripneustes insignis, sp. nov. : p. 42.

Genus Btspatangus, Agassiz, 1847.

Euspatangus affinis, sp. nov. : p. 46.

rostratus, d'Archiac, p. 47.

List of the Species of Fossil Echinoideafrom Strata in the Upper Part of the

Nummulitic Series, with OrUtoides in some instances. (Oligocene.)

Order ECHINOIDEA EXOCYCIICA.

Sulorder GNATHOSTOMATA.

Family CLYPEASTBIB^.

Subfamily Euciypbasteid^.

Genus Clypeaster, LamarcJc, 1801.

Clypeaster Sowerbyi, sp. nov. : p. 49.

Carteri, sp. nov. :'p. 49.

Faloriensis, sp. nov. : p. 50.

Suborder ATELOSTOMATA.

Family OASSIDULID^.

Subfamily Echinolampin^.

Genus EcnnfOLAMPAS, Gray, 1825.

EchinolatnpaB, sp. : p. 50.

Family SPATAHGID^.

Subfamily Spatangin^.

Oenm EusPATAJirGTrs, Agassiz, 1847.

Euspatangus rostratus. d'Archiac : p. 5L
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List of the Species of Echinoideafrom the Miocene Series of Kachh.

Order ECHINOIDEA ENDOCYCLICA.

Family GIDABIDJE.

Genus Cidaeis, Klein, 1734.

Cidaris Halaensis, d'Arehiac Sf Haime : p. 61.

Genus Goniocidaeis, Desor, 1846.

Goniocidaris affinis, sp. nov. : p. 52.

Family ABBAGIADJE.

Genus CfcELOPLErnTTS, Agassiz, 1840.

Coelopleurus Forbesi, d'Arehiac Sf Haime : p. 53.

Family GLYPHOSTOMATA.

Subfamily TemnopleueiDjE.

Genus Temneohinus, Forbes, 1852.

Te.'nnechinus Eousseaui, d'Arehiac, sp. : p. 57.

{Syn. Temnopleurus Eousseaui, d'Arehiac.)

Order ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family OLYPEASTBII)^.

Subfamily ErCLXPBASTElD^.

Qenu^ Clypeastee, Lamarck, 1801.

Clypeaster depressus, Sowerby : p. 58.

Waageni, sp. nov. : p. 58.

Goirensis, sp. nov. : p. 59.

Genus Echinodisctis, Breynius, 1732.

Echinodiscus Desori, sp. nov. : p. 60.

Suborder ATELOSTOMATA.

Family CASSIBULID^.

Subfamily ECHINOLAMPHfiE.

Genus Echinolampas, Gray, 1825.

Echinolampas Indiea, sp. nov. : p. 61.

"Wynnei, sp. nov. : p. 63.

spliasroidalis, d'Arehiac : p. 64.

Jacquemonti, d'Arehiac : p. 64.

Family SPATANGIDJE.

Subfamily SPATA]<rGIN.s.

Genus Moiea, A. Agassiz, 1872.

Moira anfciqua, sp. nov. : p. 64.
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Geniis Bketnia, Besor, 1847.

Breynia carinata, d^Archiac Sf Haime : p. 66.

Genus Teoschelia, Duncan ^ Sladen.

Troschelia tuberculata, sp. nov. : p. 67.

Oenus EtrsPATAKars, Agassiz, 1847.

• Euspatangus patellaris, d'Archiae ^ Haime : p. 70.

A Species of unknown Geological Position in Kachh.

Oenus ScHizASTBE, Agassiz, 1836.

Schizaster Granli, sp. nov. : p. 70.

III. List of the Species of Echinoidea from the Tertiaries of Kattywar.

(Miocene Foemation.)

Order ECHINOIDEA ENDOCYCLICA.

Family CIBARIBJE.

Genus Cidaeis, Klein, 1734.

Cidaris depressa, sp. nov. : p. 80.

granulata, sp. nov. : p. 80.

Family ARBAOIAD^.

Oenus CffiLOPLETJEUs, Agassiz, 1840.

Ccelopleurus Forbesi, dArcJiiac d/' Saime : p. 81.

Family GLYPHOSTOMATA.

Subfamily Teiplechinid^.

Genus Geammechinus, Buncan Sf Sladen.

Grammeclunus regalaris, sp. nov. : p. 82.

Subfamily TEMNOPLErEiDj?.

Genu^ TBMNEOHnnjs, Forbes, 1852.

TemnecHnus costatas, d'Archiae, sp. : p. 84.

Eousseaui, d'Archiae, sp. : p. 84.

tuberculosus, d'Archiae, sp. : p. 85.

affinis, sp. nov. : p. 86.

Order ECHINOIDEA EXOCYCLICA.
Suborder GNATHOSTOMATA.

Family CLYPEASTBIB^.

Subfamily Etjciypeasteid^.

Oenus Clypeastee, Lamarck, 1801.

Clypeaster depressus, Sowerby : p. 90.



THE TERTIAEY FOSSIL ECHINOIDEA

Family SPATANGID^.

Subfamily SpatangiiTjE.

Gentis Beissopsis, Agassie, 1840.

Brissopsis, sp. : p. 89.

Genus SoHiZASTEE, Agassiz, 1836.

Schizaster Granti, Duncan S[ Sladen : p. 88.

Gmus Beetnia, Desor, 1847.

Breynia carinata, cVArehiae Sf Haime : p. 90.

Genm EirsPATAifGrs, Agassiz, 1847.

Euspatangus patellaris, d'Archiac : p. 87.

Total species from the Miocene of Kattywar . . . . 13

Species common to Kachh and Kattywar O

List of the Species of Hchinoidea froin the Tertiary Strata of Kachh.

(NUMMULITIC SeKIES.)

1. Arachniopleurus retieulatus, var., Duncan Sf Sladen: p. 11.

2. Sismondia polymorpha, Duncan ^ Sladen, var. sufflata: p. 91.

3. Clypeaster apertus, Duncan S; Sladen: p. 11.

4. Amblypygus altus, Duncan 4' Sladen: p. 16.

6. pentagonalis, Duncan Sf Sladen : p. 18.

6. Echinolampas alfca, Duncan (Sc_Sladen : p. 19.

7. variety : p. 22.

8. Feddeni, Duncan Sf Sladen : p. 23.

9. Kachensis, Duncan Sf Sladen : p. 25.

10. Haimei, Duncan Sf Sladen : p. 26.

11. Damesi, Duncan Sf Sladen : p. 27.

12. insignia, Duncan Sf Sladen : p. 29.

13. Vicaryi, d'Archiac Sf Haime : p. 33.

14. sp. : p. 31.

15. sp. : p. 32.

16. Hemiaster decipiens, Duncan Sf Sladen : p. 34.

17. carinatus, Duncan Sf Sladen : p. 35.

18. sp. : p. 35.

19. Schizaster Baluchistanensis, d'Archiac, variety : p. 38.

20. Peripneustes insignis, Duncan Sf Sladen : p. 42.

21. Euspatangus affinis, Duncan Sf Sladen : p. 46.

22. rostratus, d'Archiac : p. 47.

From, beds above the Nummulitic zone and from Strata with Orbitoides.

(Oligocene.)

1. Clypeaster Sowerbyi, Duncan Sf Sladen : p. 49.

2. Oarteri, Duncan Sf Sladen : p. 49.

8. Ealoriensis, Duncan Sf Sladen : p. 50.

4. Echinolampas, sp. : p. 50.

5. Euspatangus rostratus, d'Archiac : p. 51.
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From the Miocene Series.

1. Cidaris Halaensis, d'Archiae &f Haime: p. 51.

2. Goniocidaris affinis, Duncan 4" Slaclen : p. 52.

3. Coelopleurus Forbesi, d'Archiae Sf Haime : p. 53.

4. Temnechinus Eousseaui, d'Archiae : p. 57.

5. Clypeaster depressus, Sowerhy : p. 58.

6. Waageili, Duncan Sf Sladen : p. 58.

7. Goirensis, Duncan S( Sladen : p. 69.

8. EcMnodiscus Desori, Duncan if Sladen : p. 60.

9. Echinolampas Tndica, Duncan Sf Sladen: p. 61.

10. Wynnei, Duncan Sf Sladen : p. 63.

11. sphseroidalis, d'Archiae: p. 64.

12. Jacquemonti, d'Archiae : p. 64.

13. Moira antiqua, Duncan Sf Sladen : p. 64.

14. Breynia carinata, d'Archiae Sf Haime : p. 66.

15. Troschelia tuberculata, Duncan Sf Sladen : p. 67.

16. Euspatangus patellaris, d'Archiae Sf Haime : p. 70.

Uncertain position.

1. Schizaster Granti, Duncan Sf Sladen : p. 70.

Total species and varieties from the Nummulitic series 22

„ „ „ „ Oligocene series 5

„ „ „ „ Miocene series 16

»' 55 55 of unknown position 1

Total 44

Of these, one form passes from the Nummulitic to the Oligocene 1

One form is from an unknown position 1

2

Localities whence the Echinoidea were derived.

Nummulitic.

Arachniopleurus reticulatus, variety, Amilypygus altus, A. pentagonalis, Echino-

lampas alta and variety, E. Feddeni, Feripneustes insignis, Schizaster Baluchista-

nensis, d'Archiae, Hemiaster decipiens, and H. carinatus were found in a canon in the

Nummulitic rock between Maniara-Fort hill and Karray, about three miles east of Bair.

Echinolampas Haimei, E. Vicaryi, d'Archiae & Haime, Echinolampas (species of E.

Sindensis d'Archiae type), and Clypeaster apertus came from Nummulitic beds west of

Junagia, north of lera.

Echinolampas Bamesi, E. insignis, Echinolampas (species of E. discus type), and

Euspatangus affinis came from a mile east of Goir near Narainsir, from a bed with

Pecten and Nummulites ; Echinolampas Kachensis from near Wagka-padar, upper part

of Nummulitic beds ; Euspatangus rostratus, d'Arch., and Sismondia polymorpha, var.,

came from N.E. of Pipur.

c
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Uppek Nummulitic ok Oligocene.

A species of Echinolampas distantly allied to Echinolanvpas globulus^ Laube, from

between Bayow and Didapur, south-west of Lakpat, Orbitoides group ; Empatangm

rostratus, d'Archiac, in beds three or four miles N.N.E. of Pipur, without Nummulites

;

and the three species of Clypeaster came from the same position.

Miocene.

Cidaris Halaensis, d'Archiac, and Goniocidaris affinis came from Warsar north of

Jakao; Temnechinus Bousseaui, d'Archiac, sp., from north of Akri, south of Bair.

Clypeaster depressus, Sow., is found east of Goir near Narainsir ; river east of Sujapur

;

near south bank of the river from Teyra, north of Nalia ; south-west of Kotari, &c.

The other species of Clypeaster from a mile east of Goir ; Echinodiscus Besori from three

miles north-west of Kayari, near Narainsir. Echinolampas Indica, E. Wynnei, E. Jacque-

monti, andMoira anfiqua are from Wamuti ; Echinolampas sphoeroidalis, d'Archiac, from

a stream-course near Pipur, bordering the tidal flats. Euspatangus patellaris, d'Archiac

and Haime, is from Wahior Stream near Chiropira; the Breynia is from Butta, near

lera ; and Troschelia tuherculata is from a stream-course north-west side of Hikelu HUl.

Schizaster Granti, nobis, is most probably from a zone above the Nummulitic beds.

List of the Species of Echinoidea from Kattywar. (Miocene.)

1. Cidaris depressa, Duncan 6f Sladen: p. 80.

2. grauulata, Duncan Sf Sladen : p. 80.

3. Coelopleurus Forbesi, d'Archiac : p. 81.

4. Grammechinus regularis, Duncan Sf Sladen : p. 82.

5. Temnechinus costatus, d'Archaic, sp. : p. 84.

6. Eousseaui, d'Archiac, sp. : p. 84.

7. tuberculosus, d'Archiac, sp. : p. 85.

8. affinis, Duncan Sf Sladen : p. 86.

9. Clypeaster depressus, Sow. : p. 90.

10. Brissopsis, sp. . p. 89.

11. Schizaster Granti, Duncan Sf Sladen-. p. 88.

12. Breynia carinata, d'Archiac ; p. 90.

13. Euspatangus pate]laris, d'Archiac : p. 87.

Species common to Eachh and Kattywar.

1. Coelopleurus Forbesi, d'Archiac.

2. Temnechinus Eousseaui, d'Archiac, sp,

3. Clypeaster depressus, Sow.

4. Schizaster Granti, Duncan Sf Sladen.

5. Breynja carinata, d'Archiac.

6. Euspatangus patellaris, d'Archiac.

Localities of Kattywar Miocene Echinoidea.

Half a mile east of Lowarali, Oka Mandol ; east of Gurgat, Western Kattywar ;

three miles E. by N. of Gaga, and S.E. Gurgat ; near Gaga, Western Kattywar.

A much-worn specimen of what Sowerby terms Spatangus elongatus was found two
miles N. of Visawara, above Porbandar. It is probably a Brissopsis.
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IV. Description of the Fossil EcMnoidea of the 'Nummulitic Series of Kachh.

Order ECHINOIDEA ENDOCYCLICA.
Family GLYPEOSTOMATA.

Subfamily TEMNOPLEUBIDM.

Genus ARACHNIOPLEURUS, Duncan & Sladen, 1882.

A solitary specimen of this genus, which was diagnosed in the " Fossil Echinoidea

of Western Sind " (Pal. Indica, series xiv. vol. iii. fasc. 2, p. 42), is in the collection from

Kachh. It is evidently a variety of the species Arachniopleurus reticulatus, Duncan &
Sladen, of Western Sind, from the Eanikot series, found underneath the great develop-

ment of Khirthar Nummulitic limestone.

1. ARACHmoPLBUEUS BETicuLATUS, Duncan 8f Sladen, variety. Plate XI, Fig. 6.

This species was described by us in the " Fossil Echinoidea of Western Sind " (Pal.

Ind. ser. xiv. vol. iii. fasc. 2, p. 42, and figured on plate ix. figs. 6, 7, 8).

The variety differs from the type in having vertical ridges between the transverse

ridges of the interradia, making the ornamentation more reticulate, and in having

two costal ridges placed vertically below the perforate and crenulate tubercles of the

interradia.

Locality. From a canon in Nummulitic rock between Maniara-Fort hill and Karray.

Survey-number C 050.

Illustration of the Variety in Plate XI.

Fig. 6. Part of the test : magnified.

Order ECHINOIDEA EXOCYCLICA.
Suborder GNATHOSTOMATA.

Family CLYPEASTRID^.

Subfamily EUCLYPEASTBID^.

Genus CLYPEASTEE, Lamarck, 1801.

A true Clypeaster, with very remarkable ambulacral developments, and possessing

the needle-shaped pillars near the edge of the test and between the ambulacra within

the test, is in the Nummulitic series of Kachh. Unfortunately the posterior part of the

test is absent and the apical system also. The peristome is covered with a very solid

mass of Nummulites.

1. Cltpbastee apbbtus, Dwncan §(• Sladen. Plate VI, Figs. 6, 7.

The test is oval-elliptical in marginal outline, very flat beneath, very depressed,

with a thin rounded-off edge, and it slopes at first very gradually from the margin to

c2
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the apical system ; but the rise of the test is very slight in relation to its breadth.

There is no marginal swelling. Apical system absent. The ambulacra are subequal,

and end marginally within one third of the distance from the edge to the apical system.

The interporiferous zones are broad and the poriferous are narrow, and instead of

approaching distally are wide apart and everted, so as to become more distant at their

ends than at a Kttle way within the petal. The pores are subequal, the test is thin,

and the needle-pillars are numerous.

Length from front to apical system 45 millim. ;
greatest breadth 85 millim.

;
height

17 millim.

Locality. Nummulitic series, west of Junagia, north of lera. Survey-number

C 060 A f.

Illustrations of the Species in Plate VI.

Fig. 6. The upper part of the test : natural size.

7. Ornamentation: magnified.

Suborder ATELOSTOMATA.

Family CASSIDULIDM

Subfamily ECHINONEIN^, Agassiz, 1847.

Genus AMBLYPYGUS, Agassiz, 1840.

Amongst the collection of Echinoidea from the Nummulitic strata of Kachh which

was obtained by the Geological Survey of India are several fine specimens of the genus

Amblypygus. The condition of preservation of the specimens is very good, and we are

enabled to offer a description of the structural details of their tests, which it is hoped

will assist palaeontologists to comprehend the well-marked genus better than they have

hitherto been able, in consequence of the imperfect condition of most European,

African, and American specimens.

Probably the descriptions and illustrations of these forms from Kachh will influence

the classificatory position which has hitherto been assigned to the genus Amhlypygus.

The genus is not represented in the lower Nummulitic series of Sind, called the

Ranikot series. On searching amongst the collection of the Echini from the regions

of Sind and Kachh, in the Museum of the Geological Society of London, we found a

form from Kachh from a Nummulitic horizon at Babua Hill, and which was described

as Qalerites pulvinatus, Sowerby, in a memoir by Captain Grant, Trans. Geol. Soc.

vol. V. part 2 (read 1857), tab. xxiv, fig. 26.

This specimen has its actinal surface hidden, and therefore nothing but guesses

could be employed in attem.pting its generic position. Desor, in his 'Synopsis des

Echinides,' page 321, classifies this form in the genus Conoclypeus, and states that it is

a large Urchin with a circular outline and hemispherical. The petals are long and

open. The length 3^ inches, and the height 1 inch. He considered that it was allied

to Conoclypeus Duboisii, Agass., of the Crimea and the Bavarian and Swiss Alps.

On comparing this very badly preserved specimen with those which are about to

be described, there is no doubt that it belongs to the genus Amhlypygus. Never-
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th'eless the examination of the form has not been of the least assistance in investigating

the anatomy of the test. Desor {op. cit. p. 255, tab. xxx, figs. 7-10) gives the

generic diagnosis of Amblypygus and the essential diagnoses of the species known in

1858.

Agassiz founded the genus«in 1840; and the diagnosis is as follows:—"Large

Urchins, depressed and circular or ovoid in outline, with thick margins. The petals

are largely open and extend to the margin, and they have very narrow poriferous zones.

The peristome is central, and more or less angular (many-cornered). There is no

floscelle. The periproct is very large and pyriform, and is situated on the inferior

surface between the margin and the peristome."

Desor adds in a note:—"At first sight this genus greatly resembles that of

Conoclypeus, but difi"ers essentially from it in the absence of a floscelle. It is really nearer

Pygaulus in its alliances, from which it is distinguished by its shape and periproct."

The species noticed by Desor are as follows :

—

Ambltptgus apheles, Agass.

Amblypygus apheles, Agass. Catal. rais. p. 108, tab. xv, figs. 19, 20.

An elongate depressed form with tumid margins. The petals are very open and

the poriferous zones are very narrow. The periproct is elongate and pyriform, and

occupies more than half the space between the margin and the peristome. This species

is figured by Desor, plate xxx, figs. 7, 8; the figures are reduced one third.

Amblypygus dilatatus, Agass.

A large species with a circular outline, very depressed. The actinal surface concave

and undulating. The periproct is large and elongate.

Amblypygus Aenoldi, Agass.

Alarge subcircular form, uniformly tumid, with swollen margins. The petals are

very divergent and with very narrow poriferous zones. It is slightly concave actinally.

The peristome is small and elongate transversely. One specimen.

Amblypygus Ameeicanus, Mich.

A large circular form with very tumid margins and vaulted upper surface. The

poriferous zones are broader than in Amblypygus Arnoldi. It is concave beneath, and

the peristome is smaller than the periproct, which is large and pyriform.

This diagnosis can be nearly confirmed by examining a specimen in the British

Museum, but the shape is depressed and the tumid margins do not pass up to any thing

like a conical or vaulted apex. The abactinal surface is comparatively flat, the curva-

ture being very small. There is a gentle slope, equal on all sides, from the highest point

to the margin, and there is a slight flatness posteriorly. The tumidity of the margin

is remarkable, and the swollen condition reaches only a little on to the actinal surface

;

for when the test is laid on its abactinal surface, it will be observed that around the

peristome, which is slightly in front of the centre, the test rises decidedly, and forms a

broad concavity for a considerable space, which even includes the periproct.
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The margin is slightly gibbose, and the ambulacra are very faintly projecting above

the level of the test. The ambulacra are subequal and the poriferous zones are w«ll

developed.

The peristome is oblique, broader than long, and has a greater curve to its posterior

than to its anterior margin. The periproct is pyriform, elongate, larger than the peri-

stome, and its anterior end is nearer the peristome than the posterior is to the margin

of the test. The distance of the periproct from the posterior margin of the test is equal

to half its length.

The dimensions are as follows :—Length 83 millim. ; breadth 82 millim. ; height

34 millim. The length and breadth may be taken as equal, and the relation of length

to height is 1 : 0-409.

The flat and depressed shape resembles that of Amhlypygus dilatatus, the relation

of whose length to height is 1 : 0"43.

De Loriol described Amblypygus dilatatus, Agass., in his 'Monographie des

Echinides contenus dans les couches Nummulitiques de I'Egypte,' 1881, as follows :

—

The shape is circular and as broad as long. The upper part is slightly swollen,

uniformly convex, and slightly conical at the apex, which is rather eccentric in front.

The actinal surface is tumid (" pulvinee," swollen like a pillow around the impression of

one's head) and sunken around the peristome. The margins are rounded and thick.

The apical disk corresponds with the culminating point of the upper surface.

The ambulacra are flush with the test, broad and very long, reaching close to the

edge (worn considerably in the specimen). The poriferous zones are relatively broad,

equalling about half the breadth of the interporiferous area. The ambulacra continue

on to the actinal surface as very small pores, which are in a slight linear depression

reaching the peristome. The peristome is very sunken, oblique, tolerably large, and has

the shape of an irregular pentagon with very unequal sides. The periproct is not

visible. The tubercles (only visible below) are very small, wide apart, and are separated

by numerous granules.

The length of the specimen is 72 millim. ; the breadth is the same, and the

relation of length to height 1 : 0*43

The illustration on plate iii. of his work, fig. 2 a, b, c, is of a specimen whose
abactinal surface has been much denuded ; moreover the area behind the peristome is

missing.

The shape of the peristome is preserved, and it corresponds with that of the species

from Kachh.

De Loriol makes some most important remarks on the specimens of this widely

distributed species. He asserts that specimens from the Vicentin are nearly as high as

the Egyptian form, and that one from Yberg is much flatter. He refers to Amblypygus
ajpheles, and does not comprehend Sismonda's figure of it, which has a small pentagonal
peristome surrounded by bourrelets. Evidently De Loriol is disinclined to admit
the species. With regard to Amblypygus Arnoldi, Desor, he says it has a high abactinal

surface, a thicker margin, and a less pulvinee actinal surface and smaller peristome than
Amblypygus dilatatus.
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De Loriol has kindly sent us an unpublished work on the Eocene Echinida of

Egypt and Lybia, and it contains a notice of A. dilatatus. It gives the following mea-

surements :—Length 56 millim. ; relative length to breadth as 1 : 0-91 ; length to

height 1 :
0-41. The obliquity of the peristome is admirably shown.

Dr.. W, Dames, in his work on the Echinoidea of the Tertiary strata of the

Vicentin and Verona (' Palaeontographica,' Cassel, 1877, p. 26), briefly but none the less

clearly disposes of the species Amblypygus apheles from Verona, and states that it is an

elongate form oi Amblypygus dilatatus. He finds that Laube, in his 'Echinid. d. vie.

Tert.' p. 20, wrongly attributes Amblypygus apheles to a form from the Vicentin, it

being Amblypygus dilatatus, and he notices that this widely distributed species has not

always a sharp margin.

Cotteau, 'Echinides des Pyrenees,' p. 109, gives the generic diagnosis oi Amblypygus,

and adds that the ambulacra! pores are oblong and conjugate, that the tubercles are

close and homogeneous, and that there is no floscelle.

He named a species Amblypygus Michelini; but Leymerie has found that this form

has a subpentagonal peristome with a floscelle. Cotteau states that this renders the

generic position of the form uncertain, and that it may be a true Echinolampas.

The so-called Amblypygus from Malta does not belong to the genus.

It appears from these data that the species Amblypygus apheles and Amblypygus

Michelini are worthless. Amblypygus dilatatus, Agass., described by De Loriol,

is the type of the genus, and the obliquity of the peristome noticed by him becomes there-

fore a generic character. Desor states that the actinal surface is concave ; but it is

swollen and convex, except around the peristome, where there is a decided concavity (in

the position of the test on its back).

Desor states that Amblypygus Arnoldi, Agass., and Amblypygus Americanus, Mich.

MSS., have the same appearance, and that A. Arnoldi is uniformly swollen and has a

thick margin j so that, according to our description oiAmblypygus Americanus, A. Arnoldi

must be a depressed form, having the relation of length to height as 1 : 0*43. Its

poriferous zones are " tres etroites."

The form described by Dr. Wright, F.E.S., from Malta, is not an Amblypygus.

The species properly included in the genus Amblypygus up to the present time

are Amblypygus dilatatus, Agass., A. Arnoldi, and A. Americamos.

They belong to a group with specimens having the relation of length to height as

1 : 0-4 and 1 : 0-43.

The chief characteristic of the specimens from Kachh is their great relative height

and disposition to a pentagonal outline.

There are three well-preserved specimens, and one which is within 5 millim.

of the length of Egyptian Amblypygus dilatatus is 10 millim. higher. The relative

dimensions are:—Kachh form, length to height 1 : 0'62.

The range of relative length and height in the Kachh forms varies, in perfect speci-

mens, from length 1 : 0-62 to 1 : 0-63.

Moreover, the Kachh forms are longer than broad. Hence it is evident that the

Kachh Nummulitic specimens belong to a new species.
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1. Ambltpygus altus, Bimcan & 8laden. Plate IV, Figs. 1-3.

The test is large, very thick, swollen, and subhemispherical above, tumid at the

margins and on the actinal surface also. Marginal contour nearly circular. Abactinal

surface sloping nearly equally to the front and back, but it is slightly more swollen

posteriorly than anteriorly. The lateral slope approaches the curve of a semicircle, but

is rather flatter in the upper one third. The posterior interradium is more flattened

than the others at the margin. Apical system slightly in front of the centre or central

;

the system is small in relation to the dimensions of the test, and is pentagonal or irre-

gularly circular in outline. The generative pores are large and stand outside of the

irregularly-shaped madreporic body, vv^hich separates the posterior ocular plates rather

widely.

The anterior ocular plate is distinct, and the pore is well in front of the anterior

edges of the antero-lateral generative plates ; these are large, and the right one is

largely covered by the madreporic, and the left one much less so. The antero-lateral

ocular pores are sunken, and their plates are well developed. The postero-lateral gene-

rative plates are wide apart, and separated by the low, tumid, madreporic body ; their

pores are large. The madreporic body has an irregular margin, in no way overlaps the

pores, and has its surface covered with close, small, low granules, the intermediate

surface being minutely pitted.

The ambulacra are flush with the test, are largely open just p,bove the margin

where the poriferous zone alters its character, and become narrower towards the peri-

stome. The poriferous zones of each ambulacrum converge high up in the peristome

on its ascending process.

The poriferous zones are well developed abactinally, increase in breadth rather

rapidly from the apex, and then diminish more gradually to close above tbe margin,

where the pores are smaller, those of each pair coming nearer together and being more
obliquely placed.

The long inner row of pores, circular in outline and well open, forms a nearly straight

and diverging linear series; and the outer pores, which are elongate transversely and in the

shape of long ellipses, form a curve in vertical series. The pores are conjugate, but the

groove is shallow and broad, and usually slightly bent. A low, broad, costal projection

is between each succeeding groove, and has on it, where the zone is widest, about 7
distinct granules in a line, with alternate ones smaller than the others. Near the margin
the pores of each pair are not on the same level, the inner one being the lowest down

;

and on the margin this obliquity becomes very decided, the outer pore being nearly
above the inner one^ and separated by a narrow and linear bridge. The pairs increase
in number at the margin and over it, and become fewer near the peristome, where
they again become less oblique. The pores pass up within the peristome on its vertical
waUs and end close to their free edge. There is no phyllode. Every third pair of pores
is in the centre of a small accessory plate. The anterior odd ambulacrum has a curved
course actinally, and is not placed there in a line with the longitudinal axis of the
test.
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The interporiferous zones are narrow in the upper part of the test where the pori-

ferous zones are at their broadest. There the poriferous zone is only slightly narrower

than the interporiferous area. The breadth of the interporiferous zone increases

towards the margin.

The ornamentation of the interporiferous zones is scanty, small, and distant down

to near the margin, where it becomes larger and closer ; on the edge of the actinal

surface it is still larger, and near the peristome larger still and not so close. It consists

of low tubercles, with small perforate mamelons and crenulate bosses (usually worn oiF)

standing in barely sunken or flat scrobicules, which are wide and are encircled by a

row of distinct granules sharp at the top, and resembling the largest of those seen on

the costae between the grooves of the poriferous zone. The circles of granules may or

may not interfere with each other. The ambulacra are wide apart, equidistant, and

the extreme breadth is from 14-15 millim.

The interradia are wide, and the ornamentation, of the same kind as that of the

interporiferous zones, is scanty abactinally, closer at the margin, and largest and closest

near the peristome. Actinally there is more space in the interradia near the peristome

in the 1st and 3rd areas than in the others ; and consequently the 2nd and 3rd, and 4th

and 5th ambulacra are closer together at the peristome than the 1st and 2nd, and 3rd

and 4th (Loven's enumeration).

The peristome is subcentral, sunken, very large, and its longest diameter, obliquely

placed, is between the right antero-lateral and left postero-lateral interradial spaces

(between areas 2 and 4). It is deep, widely open, and has a precipitous inner wall.

The shape is irregular, a lesser anterior curve being opposed to a larger and posterior

one ; where the extremities of the curves meet at the ends of the long diameter are

blunt angles. A close and larger than ordinary tuberculation covers the sides of the

peristome ; and the length of the long diameter is 18 millim. in large and 14 in

smaller specimens, and the length of the short diameter is 11 millim. and 6 millim.

respectively.

The periproct is large, pear-shaped, situated longitudinally, bluntly angular in

front, broadest near its posterior end, which is close to the margin. The periproct is

slightly longer than the long diameter of the peristome. The distance of the anterior

angle of the periproct from the posterior edge of the peristome is rather more than one

half of the length of the periproct itself.

In a perfectly uninjured specimen the test rests on the tumid actinal surface, not

very distant from the edge of the peristome, the whole of the tumid margins being

above the resting-plane.

The plates of the ambulacra near the peristome are larger than further out, and

the pairs of pores perforate them ; every third pair perforate a small accessory plate

placed near the interradium.

The arrangement of the interradial plates at the peristomial edge is as in Echinoneus.

There is a single broad plate in areas 1, 3, 5, and there are two plates in areas 2 and 4.

Locality. Kachh. Nummulitic beds in white limestone. Survey-numbers
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C050 Af and C 050. From a canon in Nummulitic rock between Maniara-Fort hill

and Karray.

Illustrations of the Species in Plate IV.

Fig. 1. A large specimen, side view: natural size.

2. The same, abactinal view : natural size.

3. The same, actinal view : natural size.

2. Amblypygus pentagonalis, Duncan & Sladen. Plate IV, Figs. 4-11,

The test is pentangular in marginal outline, especially in young forms ; it is

longer than broad and broader than high, broadest at the distal ends of the antero-

lateral ambulacra, tumid at the ambitus, curving boldly to the apex, which is rather

behind the centre, and more precipitously from it to the posterior edge. The profile

seen from the front is nearly hemispherical. The actinal surface is tumid ; the peri-

stome is oblique, deeply seated and large ; and the long, nearly elliptical periproct

is large, and reaches from the margin to three fourths of its length from the

peristome.

Length of a test 85 millim., breadth 77 millim., height 53 millim. ; relative length

to breadth 1 : 0-9, length to height 1 : 0-62.

A smaller specimen is 78 millim. long, 72 miUim. broad, and 45 millim. high

;

relative length to breadth 1 : 0-92, length to height 1 : 0-57.

The ambulacra are slightly raised above the level of the interradia, and add to the

pentangular appearance ; they are widely open at the margin and become narrower

where the normal poriferous zone merges into the series of double pores. The
peristome is rather straight at its anterior edge, and rather angular posteriorly,

the indefinite apex of the triangle being at the entrance of the right posterior

ambulacrum (No. I.) into the peristome.

Locality. The same as Amblypygus altus, in the Nummulitic series of Kachh.
Survey-numbers C 050, C 050 A t, C 050 A.

Illustrations of the Species in Plate IV.

Fig. 4. The test, side view.

5. Abactinal view of the test.

6. The peristome and part of the periproct.

7. Ornamentation of the margin: magnified.

8. Ornamentation, abactinal : magnified.

9. Part of an ambulacrum, poriferous and interporiferous zones : magnified.
10. Termination of normal poriferous zone in the double series of pores, and

part of an interporiferous zone.

11. Apical system : magnified.

This species difiers from Amblypygus altus in its shape, the projection of the
ambulacra, and in the more elliptical periproct and triangular peristome. The orna-
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mentation and details are nearly the same, however ; and were there not abundance of

specimens of both kinds we should feel the difficulty of making this angular form

any thing more than a racial variety ; but it is a distinct species.

The nature of the ambulacra, their continuous series of double pores, the intercalated

poriferous plates, the oblique peristome, and the position of the periproct ally Ambly-

pygus to Echinoneus, which is its modern representative. The genus Amhlypygus belongs

to the subfamily Echinoneinae.

Subfamily ECHINOLAMPINJE.

Genus ECHINOLAMPAS, Gray, 1825.

The jspecies of this genus from the Nummulitic of Kachh are as peculiar as those

described bydeLoriol from Egypt*. Most of them are very tall and large, and look

like Conoclypei, but they have all the generic characters oiEchinolampas. The identity

of any species from Kachh with any one of those so admirably described by de Loriol

cannot be asserted ; but the alliances are close, and the mimeticism of the two faunas as

regards this genus is very remarkable.

1, EcHiNOLAMPAS ALTA, Duucan & Sluden. Plate I, Figs. 1-6.

The test is thick, large, high, helmet-shaped, with steep sides ; it is longer than

broad, and slightly broader than high. The highest point is central and behind the

apical system, which is slightly excentric in front, or at -yq of the distance from the

anterior to the posterior edge. The test slopes rapidly to the front, and is almost

vertical near the ambitus ; the slope is bolder and with a greater curve posteriorly,

where it includes the produced and subrostrated posterior interradium. The direc-

tion is very vertical near the margin posteriorly and laterally. Seen from the front,

the outline is almost hemispherical above and vertical on either side nearly to the

margin.

The actinal surface is oval elliptical in outline, longer than broad, rounded in

front, less rounded and broadest on a line with the peristome, and narrower and slightly

piuched-in on either side of the rounded posterior part. The margins are rounded

off; they are sharpest on aline which passes through the peristome transversely, and also

on either side of the periproct. The peristome is slightly sunken, and the whole actinal

surface is slightly concave from before backwards, so that the test rests fore and aft, and

does not touch the surface which corresponds with the transverse line above mentioned.

There is a sensible swelling of the margin anterior to the lateral ambulacra, and it

is less, and more dependent in front of the postero-lateral. The test rests upon a

faintly swollen surface within the margin.

The interradial areas, more or less vertical and evenly curved above the margin,

are tumid high up, and the posterior, more swollen than the others near the apical disk,

* Op. cit. p. 88 (32). See supra, p. 14.

d2
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is produced with a decided latitudinal curvature to form a well-developed projection

nipped-in on either side. The ambulacra, flush with the test near the margin, are

slightly sunken above in consequence of the tumidity of the interradia.

The apical system is on the anterior slope of the test, is in a very slight depression,

is circular in outline, and is flat button-shaped. There are four large generative pores

;

the front pair are closer than the others, and all are at the edge of the disk, which is

granular and mainly consists of madreporiform body. The ocular pores are small and

are covered by the edge of the disk.

The ambulacra are long, reaching close to the margin, widely open, unequal

;

and whilst the odd and antero-lateral are straight, the postero-lateral have a slight

curvature.

The poriferous zones are well developed and are very slightly sunken below the

level of the interporiferous areas ; the inner lines of pores are in long, straight, diverging

lines, so that the interporiferous areas show no tendency to close, and they gradually

increase in width from the apex to close to the margin. The poriferous zones are

broadest from a third to about halfway down, and they diminish in breadth graduaUy

to a point, and are of unequal length—the right zone of the odd ambulacrum, the

anterior zone of the antero-lateral, and the posterior zone of the postero-lateral ambu-

lacra being shorter than their fellows by a very few pores. Moreover the antero-lateral

poriferous zones slope slightly backwards near the margin. The pores are conjugate,

the groove being well developed ; and the inner pores are elliptical and the outer elongate

in outline. There is often a faint curvature of the conjugating grooves. There is a

well-deVeloped costal ridge between each pair of grooves, and it is ornamented with a

single row of large granules, which are sometimes separated by much smaller ones or by

a space. Towards the margin the poriferous zones become narrower and the pores closer

together, until at last a simple narrow groove only contains one pore. In the postero-

lateral ambulacra, about halfway up the test, there are nine ambulacral plates to one

interradial plate. The ambulacra do not come to a point at the apex, and there is a

little breadth there.

The interporiferous zones, narrow at the apex, increase very gradually in breadth

to their termination near the margin. Slightly above the level of the poriferous zones

they are nearly flat, and are ornamented with small sunken tubercles which are mam-

millate, crenulate, and perforate, and which are separated by narrow tumid ridges

minutely but sharply granular. Below the margin of the test the poriferous zone is

continued over the actinal surface, one row of pores existing for about two thirds of the

distance to the peristome, and the pores are close, denoting a considerable number of

ambulacral plates. The rows of pores are in exceedingly faint grooves, which gradually

approximate until the open and somewhat rudimentary phyllode is reached. The

interporiferous zones become narrow from the margin to the peristome, are rather

tumid from side to side, and are decidedly below the level (in the normal position of

the test) of the pores in their grooves. Towards the peristome the pores, which are

small and surrounded by minute cavities, and are elongate (their long axis being on a
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line with the direction of the ambulacra), become more numerous, two and three rows

existing. The rows are placed obliquely ; and it appears that in some instances there are

extra plates. Traces of pits occur near the peristome between the lines of pores ; and

each ambulacrum ends in two large pores, which are well within the peristomial margin.

The interporiferous zones actinally have a slightly larger ornamentation than

abactinally, but of the same kind ; they narrow near the peristome, and become gutter-

shaped more or less, owing to the tumidity of the bourrelets.

Actinally the interradia are well developed, and they form a considerable part of

the peristomial margin, where they are slightly tumid, project, and bound the trans-

versely elongate pentagonal aperture. The bourrelets of the lateral interradials are the

smallest, the others being larger, broader, and more projecting and subequal. The

ornamentation of the actinal part of the interradials increases in size from the margin

to close to the peristome, where it again becomes crowded and covers closely the bour-

relets and their ascending processes within the peristome. A trace of wearing occurs in

the median line towards the periproct.

The peristome is large, pentagonal, transverse, subcentral, is on a higher plane

than the margins in front and behind, and nearly on a level with the margin posteriorly

to the antero-lateral ambulacra. It is deep, and bounded by a vertical tube-like process

of the test formed mainly by the interradia. The depth is at least 6 millim. There are

no auricles or teeth.

The periproct is large, transversely elliptical, rather larger than the peristome, close

to the posterior edge of the test within the margin, and occasionally transgresses on it

;

it looks downwards and a little backwards. The large ornamentation of the actinal

surface of the posterior interradium becomes smaller and closer around the periproct.

Abactinally the distinct and rather wideapart interradial ornamentation resembles

in details and point of size that of the ambulacra ; but the tubercles become crowded

and smaller near the margin, and actinally the crowding persists, the tubercles being

larger also.

The length of the test is 89 millim., and the greatest breadth is 70 millim. ; the

height is 67 millim. ; so that the proportional measurements are—length 1, breadth

0-786, height 0-75.

Locality. Kachh. From a canon in Nummulitic rock between Maniara-Fort hill and

Karray, about three miles east of Bair. Survey-number C 050.

Illustrations of the Species in Plate I.

Fig. 1. Echinolampas alta, Duncan & Sladen. Side view : natural size.

2. Actinal view : natural size.

3. Apical system : magnified twice.

4. Peristome: magnified.

5. The antero-lateral ambulacrum, near the margin : magnified.

6. Ornamentation of ambulacrum : magnified.
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2, EcHiNOLAMPAS ALTA, Duncan & Sladen, variety. Plate I, Fig. 7.

Many specimens of this species are in the collection, and there appears to be but

slight variation in them in spite of differences of size. The main distinction (which,

however, is only slight) is that in some forms the test is less oval in actinal outline

and approaches an ellipse with one end more rounded than the other. This is produced

by a slight enlargement of the test close in front of the postero-lateral ambulacra

(Plate I, fig. 7). Again, the type has tumid interradials abactinally ; another form is

less tumid ; and a third, that represented in Plate I, fig. 7, is barely tumid. We feel

disposed to admit this last as a variety, and to characterize it by the deficient

tumidity of the interradials abactinally, the more ellipsoid shape actinally, and the

comparative shortness of the ambulacra. It is from the same locality as the type.

Illustration of the Variety in Plate I.

Fig. 7. EcMnolampas alta, Duncan & Sladen. Variety.

Actinal surface : natural size.

A large specimen, which has been crushed somewhat from above downwards, is

from the same locality. It shows a slightly more prominent condition of the inter-

poriferous zones than the type. The curve of the postero-lateral ambulacra is greater,

and the shape of the base is broader. There is no doubt about the single row of

granules separated by smaller ones or by spaces on the costee of the poriferous zones,

and that the ornamentation of the test consists of sunken tubercles with mamelons and

crenulations, the intermediate areas being largely granular.

One specimen is remarkable for its height, yet the specific distinction of a greater

breadth than height prevails. The dimensions are: length 84 millim., breadth 67
millim., and height 64 millim. This is the greatest deviation in point of greater height

from the type. Relative length to height 1 to 0-76. Survey-number C 050 B f.

Another, and larger, specimen has the following dimensions:—length 90 millim.,

breadth 70 millim., and height 64 millim. ; length to height 0-71. Survey-number
C050.

This remarkable Echinolampad is common, and at once strikes the eye on account
of its height, tumid interradia near the apex, the slant behind, the vertical sides, and
the long gradually enlarging ambulacra.

It resembles a Conoclypem in shape and ornamentation. There is no species like

it in the Tertiaries of Sind; but de Loriol's monographs of the Nummulitic deposits
of Egypt contain admirable descriptions and figures of very closely allied forms.

EcMnolampas Fraasi; P. de Loriol*, is closely allied; and it is to the group of
which that fine African species is a type that the form from Kachh belongs—tall
Echinolampads, with long, not very unequal, and not petaloid distally ambulacra.

* "MonograpMe des Echinides nummulitiques de I'Egjpte," Mem. Soc. de phys. et d'hist. nat. de
Creneve, t. 27, i. p. 92, pi. y. fig. 1. - Eocane Echinoideen aus Aegypten und der Libyschen Wuste," Palseon-
tographica, N. F. x. 1. (xxx.). p. 22, pi. vi. figs. 1, 1 a, 1 6.
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The dimensions of the Kachh species and Hchinolampas Fraasi are as follows :

—

Kachh.
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where there is a very slight narrowing of the interporiferous zone and a decided dimi-

nution in breadth of the poriferous zones. The poriferous zones are narrow ; about 2^

their breadth would equal that of the interporiferous at the widest part ; the inner pores

are circular and large ; and the outer, elongate elliptical, are equal to or even slightly

larger than the others ; a broad and deep groove connects them ; and the costse between

the pores are stout, rounded above, where there is a row of distinct granules. The

direction of the costse and grooves is rather oblique. The breadth of the zone diminishes

marginally, but there is only a slight difference in the respective zone-lengths. The

ornamentation of the interporiferous zone is of numerous sunken tubercles in scrobicules

rather more than their own width apart. The tubercles are slightly mammillated and

crenulate, and the interscrobicular areas are rather tumid and sharply and distinctly

granular.

The antero-lateral ambulacra form a very wide angle, have the posterior poriferous

zones more bowed than the anterior, and there are a few more pairs of pores in the

anterior than in the posterior zone.

The postero-lateral ambulacra are sinuous, and the anterior poriferous zone is

slightly the longest. The poriferous zones are continued in all the ambulacra over the

margin to close to the peristome as a single series of pores.

The interradial areas abactinally are very faintly tumid near the apex, have a

distinct median sutural line, and there is a slight flattening of the posterior interradium,

with two indistinct keels running down to the margin to end on either side of the

periproct.

The ornamentation is equal from just above the margin to the apex, and consists of

the same structural details as seen in the interporiferous ambulacral areas. The granula-

tion, however, is distinct and large, but scanty. Near the margin the scrobicules become

much closer, and thence to the peristome the ornamentation is less crowded, but more so

than above. Near the periproct it is crowded, and especially at the posterior margin,

where it is smaller than elsewhere. Between the periproct and the peristome is a worn
surface.

The peristome is subcentral, and not quite beneath the apical system in some and
beneath it in others. It is large, widely open, elongate transversely, pentagonal, and
the bourrelet of the posterior interradium is low and the broadest; those of the

anterior interradial areas are slightly tumid and project, and are larger than those of the
lateral areas. A minute tuberculation covers the ingoing process from the peristome ;

and the rudimentary phyllodes are in very shallow grooves. There is a well-developed
row of outer pores in each phyllode and a few inner ones, but they are between
the plates on the sutural lines. The usual pair of pores is at the commencement of
each phyllode within the peristome ; and there are numerous pits in the position of
sphseridia.

The periproct is larger than the peristome, is elongate transversely, and irregularly
elliptical, the posterior curve being less than the anterior. It is inframarginal, and not
visible from behind.
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The height of the type is 44 millim., the breadth 58 millim., and the length 62

millim. ; and these dimensions give the relation of length to breadth 1 : 0-95, height

1:0-709.

It follows, that the relative dimensions of this form are not very diverse from those

of the species just described {Echinolampas alto).

But the present species is not a young form of the last ; and the narrow poriferous

zones, the sinuous postero-lateral ambulacra, the tumid free peristomial region, the

faint posterior keel, and the general roundness of actinal contour cause it to differ

specifically from E. alia.

Locality. Kachh. Nummulitic series ; from the same geological horizon as Echino-

lam'pas alta. Survey-number C 050.

Illustrations of the Species in Plate I.

Fig. 8. The test, side view : natural size.

9. Abactinal view : natural size.

10. Part of an ambulacrum : magnified.

11. A postero-lateral ambulacrum : magnified.

Illustration of the Species in Plate III.

Fig. 2. Actinal view : natural size.

There are several specimens of this form in the collection, and they present con-

siderable variation. In one form with the Survey-mark C 050 f (B) the greatest

breadth is behind the peristome, the apical system is more central, and there is a more

evident tendency on the part of the ambulacra to close. In another, which is slightly

taller than the type, the more central apical system is seen, and the top of the test is

less rounded.

This species is also a representative of the tall African Nummulitic Echinolampads

;

and the resemblance of the actinal area to that oi Echinolampas Fraasi, de Loriol, is

remarkable. The specific distinctions are in the relative heights and the shape of the

posterior ambulacra, and the difference in the anterior slope of the test, together with the

remarkably uneven base of the Kachh species.

4. EcHiNOLAMPAS Kachensis, Buncan & Sladen. Plate II, Figs. 1-4.

The test is tumid above, broadly elliptical in marginal outline, longer than broad

and broader than high. Length of specimen 53 millim., relative length to breadth

1 : 0-9, and length to height 1 : 0-6. It is almost hemispherical in its profile seen

from the front. The highest point is at the apical system, very slightly excentric in

front, and the posterior slope is bolder than the greatly curved anterior. The margins

are rounded off but not tumid, and the posterior part is flat and in relation to the infra-

marginal periproct. The position of the peristome is very slightly in the rear of a

vertical line leading upwards to the apical system. The apical system has four
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generative pores and a central madreporic body. The ambulacra are flush with the

test, rather unequal in breadth, the posterior being the broadest and longest. The

poriferous zones are narrow, and the interporiferous are broad, one being 2^ times the

width of a poriferous zone.

The ambulacra are open, and the anterior shows no tendency to close, but all have

the distal ends of the perfect poriferous zones diminished in breadth. This is very

decided in the postero-lateral, and less so in the odd ambulacrum. The outer pores,

elongate elliptical, are larger than the inner and nearly circular pores, the grooves

between them are broad, and the costse are stout and placed rather obliquely. Coming

nearly to points, the poriferous zones of the odd ambulacrum are slightly unequal. The

posterior poriferous zone of the antero-lateral ambulacra has five or six pairs of pores

more than the anterior zone, which is less curved than the other, and yet both tend

(although the space between them is narrowed) to turn slightly away from one another.

The postero-lateral ambulacra are sinuous, and the poriferous zones come rather close

together at the end, the anterior being the longest. All the perfect zones stop well

short of the margin of the test, and a single series of pores passes over to the actinal

surface. The interradial areas are large from the great angle formed by the antero-

lateral ambulacra ; they are not tumid, and the posterior one is decidedly flattened near

the margin.

The interporiferous areas and the poriferous zones are very nearly flush with

the test.

The ornamentation of the interporiferous areas and of the interradials above the

ambitus is identical, and consists of equal-sized tubercles in sunken scrobicules, which

are separated by granular spaces.

The actinal surface is tumid between the front and the peristome, and is less so

between this and the periproct. The test touches at these tumid points and not on a line

which passes transversely through the peristome, which is very slightly sunken. The
peristome is pentangular, longest transversely, and has small low bourrelets and rudi-

mentary phyllodes, consisting of a number of outer pores and a few inner ones.

The periproct is close to the sharp edge, is inframarginal, larger than the peri-

stome
;

is elliptical, with narrow ends, and is elongate transversely. Actinally the
ornamentation is slightly larger and more crowded.

Length of the specimen 53 millim., height 32 millim., breadth 48 millim.

Locality. Kachh. Near Wagka-padar, upper part of Nummuliticbeds. Survey-
number C 057 f.

Illustrations of the Species in Plate II.

Fig. 1. Uchinolampas Kachensis, side view : natural size.

2. Abactinal view : natural size.

3. Actinal view : natural size.

4. Part of an ambulacrum : magnified.
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5. EcHiNOLAMPAS Haimei, Dimcan 8f Sladen. Plate II, Eigs. 6, 7, 8.

The test is depressed, longer than broad and broader than high, rather conical

above, with the sides sloping without much curvature to the tumid margin, which has

an oval elliptical actinal outline, the greatest breadth and boldest curve being posterior

to the peristome. Eelative length to breadth 1 : 0-87 to height 1 : 0-42. The apical

system is slightly anterior, and is at the highest point of the conical part of the test,

and the posterior slope is bolder than the anterior. The generative pores are large

and oblique.

The ambulacra are flush with the test, are unequal, do not reach the margin, are

petaloid more or less, but the anterior shows but little tendency to close as the others

do. The postero-lateral are the longest and the broadest, whilst the odd ambulacrum

and the antero-lateral are about the same length, the latter being the broader. The

interporiferous zones are broad, more than twice as broad as a poriferous area. The

anterior poriferous zone of the antero-lateral ambulacrum is shorter than the posterior,

towards which its end curves. The zones of the other ambulacra are equal in length.

The outer row of pores is larger than the inner. The actinal surface is slightly

tumid ; and the peristome, which is small, slightly excentric in front, is rather sunken.

It is pentagonal, and the bourrelets are feebly developed and are very flat ; the anterior

nearly equal the posterior one, and the postero-lateral are the narrowest. The sides of

the peristome are very precipitous, and are ornamented with small close tubercles. The

phyllodes are moderately developed ; there are two pores within the peristome on

each, and beyond them is some doubling of pores ; those of the normal single row are

placed at the junction of sutures near the peristome, but further out they appear to

penetrate the ambulacral plates ; but this is produced by wearing and the obliquity of

the canal. There is one plate to each interradium at the peristome.

Length of test 54 millim. when perfect, breadth 47 millim., height 23 millim,

Locality. Kachh. Nummulitic series, and west of Junagia, north of lera. Survey-

number C 060 A f.

Illustrations of the Species in Plate II.

Fig. 6. The abactinal part of the test : natural size.

7. The actinal surface : natural size,

8. A part of a phyllode : magnified.

6. EcHiNOLAMPAS Damesi, Duncan ^ Sladen. Plate II, Figs. 9, 10 ; and Plate III,

Fig. 1.

The test is rather depressed, slightly longer than broad, and the height is less

than half the length ; it is subhemispherical above and broadest behind. The relative

dimensions are—length to breadth 1 : 0*92, and length to height 1 : 0-42.

In marginal outline the test is subcircular, and is broadest just behind the median

lines of the postero-lateral interradia, where there is a slight projection at the margin.

The front of the marginal outline is rounded, and behind the point of greatest breadth
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it is more broadly rounded, but posteriorly it becomes slightly flattened at the spot

corresponding with the periproct. The highest point of the test is central, and there

is a sharper slope forwards than backwards. The margin is boldly curved and tumid

in front, and the tumidity diminishes behind the antero-lateral ambulacra, where the

test is rather sharply rounded ; and this condition persists to the neighbourhood of the

periproct.

The apex is rather excentric in front, being 9 millim. in front of the centre, the

extreme length of the test being 77 millim, ; and the result is to give a comparatively

narrow anterior part and a long and broad posterior portion. The sunken peristome is

excentric in front and under the apical system, and is surrounded by the tumid actinal

surface ; and the test rests on a surface between the peristome and the ambitus. There

is slight flattening between the peristome and the periproct.

The apical system is small, the disk is round, and the ocular pores hidden.

The ambulacra, unequal in length, are on the whole narrow, and nearly flush with the

test ; the antero-lateral ambulacra curve slightly, concavity in front, are very wide apart,

and tend decidedly to close ; but the anterior poriferous zone is shorter than the other,

and curves slightly backwards at its termination. The posterior zone is curved with

the concavity forwards, and near the margin it ends with a slight curve in the opposite

direction. The zones are narrow and about one half of the breadth of the inter-

poriferous areas where best developed. The inner series of pores are circular in outline,

and the outer are larger and elongate-elliptical ; they are conjugate, the groove being

slightly oblique, and the costae, which are well developed, have a row of granules.

The postero-lateral ambulacra form an angle of about 7Q°, are straight, slightly

broader in the interporiferous zone than the anterior, reach far towards the margin, but

not more so than the antero-lateral, are widely open, and there is one pair of pores in

excess in the anterior zone. The poriferous zones are slightly narrower than those of

the antero-lateral ambulacra, and the conjugating grooves are more oblique.

The postero-lateral interradia are slightly gibbose at the niargin, and the posterior

interradium is flattened behind the periproct.

The peristome is large, broad, pentagonal, with the nearly flat bourrelets subequal

in the antero-lateral and posterior interradia, and narrowest in the postero-lateral regions.

The pores are sunken in round pits, and the reduplication is scanty. The walls of the
peristome pass up and form a pentagonal tubular process with the angles rounded.

The periproct, broader than long, has a slightly curved posterior and a more boldly
curved anterior margin, and the junction of the margins is by acute lateral angles.

A mere ridge separates it from the posterior surface of the test.

The ornamentation is generally close, and is larger actinally than abactinally ; that
of the interporiferous zones is similar to that of the interradia. It consists abactinally
of small depressed tubercles with small pointed mamelons, both crenulate and perforate,
standing in shallow circular scrobicules which are separated by a slightly raised surface
crowded with distinct and sharp granules. Just under the ambitus the crowded orna-
mentation is the smallest, and the largest kind is found on the bourrelets and on the



OF KACHH AND KATTYWAR. 29

posterior interradium near the peristome. Near the periproct the ornamentation is

small, and especially posteriorly to it on the ridge.

Length of the test 77 millim., breadth 71 millim., height 33 millim. Apical disk

9 millim. in front of centre. Breadth of peristome 11 millim., and breadth of periproct

13 millim.

Locality. Kachh. Nummulitic series. One mile east of Goir, near Narainsir ; from

bed with Pecten and Nummulites. Survey-number C 043 B f.

Illustrations of the Species in Plate II.

' Fig. 9. The test, abactinal surface : natural size.

10. The ornamentation : magnified.

Plate III.

Fig. 1. The actinal surface : natural size.

The dimensions of this form in height, breadth, and length somewhat resemble

those oiEcMnolampas discoidevs, d'Archiac and Haime, from the Nummulitip of Sind.

The differences in structure are the more tumid posterior part of E. discoideus and its

want of any marginal tuberosity ; and the tumid nature of the actinal surface around

the peristome of the new form constitutes a decided distinction. It has also a larger

periproct, that of E. discoideus being small.

The new form has not the lateral symmetry or the small peristome of EcMnolampas

discus, which is altogther more circular in outline. It is distinct from, but represen-

tative of, EcMnolampas Osiris, Desor, sp., from Egypt.

7. EcHmoLAMPAS iNsiGNis, Duncan 8f Sladen. Plate III, Figs. 3-6.

The test is large, almost circular in actinal outline, conical above, flat in anterior

slope, nearly as broad as long, and about one half as high as broad. The relative

proportions are—length as to breadth 1 : 0"966, and length as to height 1 : 0-488.

The apical system is at the highest point of the test, and is about 3 millim. in

front of the centre. The test slopes with a gentle curve on either side of the apex to

the tumid margin, and has a decided flattish slope in front, which contrasts with the

gentle posterior curve of the test. The margins are tumid or rounded, and most so

in front and behind the periproct, where there is some flatness. The test reposes on the

rather convex actinal surface within the limits of the margin. The peristome, 11 or

12 millim. broad, is sunken, large, much broader than long, and has the posterior

bourrelet the broadest, and the postero-lateral very small ; the antero-lateral are the

most tumid, but all are slightly developed. The periproct is large, elliptical, with a

greater anterior than posterior curvature; it is broader than the peristome, ai;d is

close to the posterior part of the test and inframarginal. The test is less convex

between the periproct and peristome than elsewhere actinally.

The apical system is large, circular in outline, a little tumid centrally, but sunken
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round the edge ; and the greater part is occupied by the madreporic body, which is

covered with nodular granules. There are four generative pores, which are large, and

the anterior pair are closer than the posterior. The ocular plates are very small.

The ambulacra are unequal, moderately broad, the posterior being the longest

and the others subequal ; the odd ambulacrum is slightly narrower and shorter than the

others, and all pass far towards the margin, but none of the petaloid parts reach it.

The odd ambulacrum is widely open at its marginal end, but still the poriferous

zones converge there slightly ; the antero-lateral tend to close, but do not, and this

is observed in a less degree in the postero-lateral ambulacra. The interporiferous

zones are broad, slightly convex, and raised above the level of the rather sunken pori-

ferous zones. The posterior ambulacra have the broadest interporiferous zone, and all

are ornamented with a close small tuberculation in small sunken scrobicules, the

intervening part being finely, sparely, and distinctly granular. The tubercles are

barely above the test, and have small mamelons.

The poriferous zones are broad, the pairs are obliquely placed, and the pores are

large and conjugate. The pairs are separated by well-developed granular costse. The

pores of the outer row are elongate-comma shaped, and the inner pores are nearly circular.

The poriferous zones of the anterior odd ambulacrum, slightly petaloid in their

contour near the apex, diverge gradually to their ends ; the inner lines of pores are

nearly in straight series, and the outer form curves on account of the breadth of the

poriferous zones increasing gradually to one half of their length and then diminishing

to a point.

The antero-lateral ambulacra form a widely open angle of 170°; are at first narrow

and petaloid, then are enlarged in breadth, and they become gradually narrower to their

end above the margin. The anterior poriferous zone is the shortest, and is nearly straight

in its direction from the apex to some distance from the margin ; and the posterior

zone is decidedly curved, with the convexity posterior. Towards the end of the

posterior zone the pairs of pores diminish in breadth and turn slightly backwards.

The interporiferous zone of the posterior ambulacra is wider than that of the other

ambulacra; and the poriferous zones are slightly unequal, the anterior being the

longest. The anterior zone is more curved than the posterior, which is nearly straight

in comparison, and there is a tendency to close.

The interradia are large, the anterior are singularly flat abactinally, and the
posterior one has no unusual convexity. The ambulacra are continued over the margin
in single series

;
and there is a phyllode in a narrowing groove corresponding with

each one.

The pores are doubled near the peristome ; they are in depressions which resemble
scrobicules without tubercles.

The ornamentation of the abactinal part of the test generally resembles that of the
interporiferous zones; it becomes closer and smaller at the margins, and increases in
size and is wider apart and largest near the peristome. It is especially large on the
bourrelets, a little way off the peristome.
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Length of specimens 90 and 83 millim. Eelation of length to breadth 1 :
0-966

and 1 : 0-987 ; and of length to height 1 : 0-488 and 1 : 0-47.

Locality. Kachh. One mile east of Goir, near Narainsir. Nummulitic series.

Survey-number C 043 B.

The specimen measuring 83 millim. in length (Survey-number C 043 f B) is of

course smaller than the type, and its peristome is more elongate transversely and less

pen tagonal.

Illustrations of the Species in Plate III.

Fig. 3. Abactinal view : natural size.

4. The test, side view : natural size.

5. Actinal view : natural size.

6. Part of an ambulacrum : magnified.

8. ECHINOLAMPAS, sp.

Two much injured specimens of an Echinolampas, with a circular marginal contour,

are amongst the collection from Kachh, and they do not belong to the species just

described. They are indeterminable, but they approach the discus type more than the

perfect form. They diiFer from it in the breadth and flatness of their interporiferous

zones and^smallness of their poriferous zones, which are unequal except in the odd

ambulacrum.

Locality. Kachh. Nummulitic series. One mile east of Goir, near Narainsir.

Survey-numbers C 043 B and C 043 f B.

There are two species of Echinolampas described by d'Archiac and Haime, and

figured in their plate xiv. Figures 2 a, 2 b, 4l a, and 4 b refer to Uchinolampas Sindensis

and- JS. Vicaryi respectively. The types of the species in the Museum of the Geological

Society of London are so defective that no palaeontologist would now consider it

advisable to found species on them. They are elongate and depressed forms ; and as

there are specimens of corresponding shape in the Sind and Kachh Tertiaries, more or

less well preserved, it is of importance to decide upon their greater or less similarity to

the types described by the authors of ' Les Animaux Fossiles de I'lnde.'

Echinolampas Sindensis, d'Archiac and Haime*, was founded on one specimen.

Its specific description is as follows:—The test is ovular, very elongate and flat,

with a rounded contour, the tuberosities on the latero-posterior margin being insufiicient

to alter the oval curvature. The apical summit, slightly projecting, is situated at nearly

the anterior third of the long diameter. The ambulacral petals very broad, flat, toler-

ably long, straight,, and hardly contracted distally. The odd ambulacrum is a little

narrower than the others. The poriferous zones are rather broad, nearly equal in the

same ambulacrum, and those of the odd one are the narrowest.

Ambulacral areas unequal ; the lateral are the broader, the posterior being a little

broader than the anterior.

* Op. cit. p. 210, plate xiv, figs. 2 a, 2 b.
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Actinal surface subplane and barely depressed centrally. The peristome is central,

and the periproct inframarginal and close to the edge. The tubercles are small, close,

equal.

Length 75 millim., breadth 60 millim., and height 25 millim. The relative

dimensions are—length to breadth as 1 : 08, and length to height as 1: 0-33,

Eemarks. The test is broader posteriorly to the centre than elsewhere, and it

is rather fiat behind and above the periproct. According to figure 2 b the posterior

margin is as tumid as the anterior, and certainly the apex is behind the anterior

one-third.

The petals are not very broad ; the antero-lateral are nearly hidden, and the ter-

minations are not visible. The posterior are long, straight, and there is very little

difference betvpeen the lengths of their poriferous zones. The specimen and the descrip-

tion do not agree.

The type of the other species, Echinolampas Vicaryi, is defective in the posterior

part of the test, and was founded on one specimen only. The following is the specific

diagnosis (page 213, plate xiv, figs. 4 «, 4 5) :—The test is elliptical and slightly

elongate, with a contour slightly angular posteriorly and but slightly high. Apex but

slightly projecting, and situated at two fifths of the long diameter from the front. The
ambulacral petals are large, rather broad, straight, plane, narrowed near their ends, but
slightly unequal. The poriferous zones are moderately broad, rather curved, and in

the posterior ambulacra the outer zone is the largest, whilst in the antero-lateral the

posterior is the larger.

The lateral interradia are the largest inferiorly. The actinal surface is depressed
towards the centre and raised behind. The peristome is placed anteriorly to the centre ;

and the buccal petals are very distinct, and rather contracted distally. The tubercles
are very small, close, and those near the mouth are the largest.

Length \ but it is stated 58 millim., breadth 50 millim., and height 25 millim.

There are three indifferent specimens of oval and elliptical depressed Echino-
lampads in the collection from Kachh. Two probably belong to the same species, which
cannot be either of those described by MM. d'Archiac and Haime. The third is to
all appearance Echinolampas Vicaryi. Of the first two, one is so marked in its
anterior and antero-lateral petals that we have figured it without giving it a specific
designation.

9. EcHmoLAMPAS, sp. Plate III, Fig. 7.

A flat, elongate elliptical Urchin, with apical system in front of the centre and a
large transversely elliptical periproct close to the posterior margin. The anterior
ambulacrum is long, showing the faintest tendency to close not far from the margin •

It IS broad, with sunken broad poriferous and raised interporiferous zones. Poriferous
zones with numerous pairs of pores, the inner pore being circular or oval, and the outer
long and smaller; the cost^ are distinct and rather small, and the right zone is longer
than the other. The terminal pairs of both zones are slightly turned in, and the others
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are oblique to the long axis of the test. Ornamentation of the interporiferous area

small and rather crowded, smaller and closer than that of the interradium. The

breadth of tliis zone is slightly more than twice that of a poriferous one.

Antero-lateral ambulacra large, long, petaloid near the apex, open distally

and yet slightly tending to closure. The poriferous zones are sunken, broader than

those of the anterior ambulacrum, and have well-developed costse, each with a row of

granules on it. The anterior zone is short, curved, and its remote end approaches the

posterior, which is long and with a double curve, the outer end turning slightly back-

wards beyond the line of the termination of the anterior zone, which is the shortest

by about twelve pairs of pores. The interporiferous area is smaller and higher than

the poriferous zone, and it is covered with a close ornamentation.

The ornamentation of the test is altogether larger and coarser actinally; the

actinal surface is tumid, but depressed centrally. The mouth is in front of the centre.

Length 83 millim., breadth 69 millim., height 28 millim. Eelational dimen-

sions—length to breadth 1 : 0-83, to height 1 : 0*33.

Locality. Kachh. Nummulitic group, west of Junagia, north of lera. Survey-

number C 060 A f.

It will be observed that the dimensions coincide closely with those of E. Sindensis,

but the shape of the ambulacra affords a specific distinction.

Illustration of the Species in Plate III.

Fig. 7. The test from above.

The second specimen has a higher test, and it shows part of the peristome, which

has well-developed projecting bourrelets. It came from the same locality.

10. EcHmoLAMPAS ViCAKYi, d'ArcMac & Haime.

A specimen, already alluded to, of this species is in the collection from Kachh, and

it shows the large well-developed peristome characteristic of the type preserved in the

Museum of the Geological Society. The posterior part is preserved, and shows the

elliptical periproct submarginal and close to the edge. The posterior ambulacra tend

to close near the margin, in consequence of the bold curve of the anterior poriferous

zone, which reaches far towards the margin, passing not very far in front of the shorter

and straight posterior zone.

We have not figured this form, as doubtless better specimens wiU come to hand.

Locality. Kachh. Nummulitic group, west of Junagia, north of lera. Survey

number C 060 A f.

Family SPATANGIDM.
Subfamily SPATANGIN^.

Genus HEMIASTEE, Lesor, 1847.

There are two badly preserved specimens of a genus of Spatangoids in the
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Nummulitic series of Kachh, which at first sight might be associated with Linthia ; but

it is perfectly evident in one specimen, which is admirably preserved in the region

around the ambulacra, that there is only a peripetalous fasciole present, the lateral

and posterior ambulacra are in deep grooves, and the apical system is central. The

form must therefore come into the Hemiasters.

1. Hbmiastee decipiens, Duncan & Sladen. Plate VI, Figs. 3-5.

The test is slightly longer than broad and broader than high ; the apical system

is small and central, details lost. The anterior margin is very slightly notched by the

shallow groove for the odd ambulacrum, which deepens towards the apex. The broad

and slightly concave floor of the ambulacrum is ornamented with miliaries, which

enlarge near the pairs of pores ; these, some 15 in number, are placed at the rise of the

side of the groove, and are separated by low costse. The pairs of pores have a tubercle

between them ; there is some distance between the end of the regular series of pairs

and the fasciole, and but one pair is found in it.

The antero-lateral ambulacra are long, nearly straight, only bending slightly with

the convexity forwards and inwards, and are in deep and rather narrow grooves, which
become shallow distally. The greatest breadth is at two thirds -of the distance from
the apex, and the poriferous zones nearly close, being cut across by the fasciole.

The interporiferous area is nearly, if not quite, as broad as the poriferous zone in

the centre of the petal, and is narrower than it further out.

The poriferous zones are on the slope of the sides of the groove, are very slightly

sinuous, and the anterior is slightly more curved than the posterior. The pores are
large, oval, subequal, and are conjugate, and each pair is separated from its neighbours
by costse with a line of distinct miliaries on them. The pores suddenly become small
towards the apical system, and there are thirty-two pairs. Length of ambulacrum 21-5
millim., breadth of groove 6 millim. The ambulacra form an angle of about 110°.

The postero-lateral ambulacra, shorter and narrower than the anterior pair, are
closer together, nearly straight, and are in deep grooves. The interporiferous area is

rather narrower than the poriferous zone, and its details resemble those of the corre-
sponding areas of the antero-lateral petals. There are 29 pairs of pores ; and the length
of the petals is 17 millim. and the extreme breadth is 4 miUim. The distal end is
more pointed than that of the antero-lateral ambulacra.

The keels of the interambulacra at the apex are not pronounced, and those of the
lateral interambulacra are rather wide. The fasciole is widely spread, and is wide and
well developed; it is large at the extremity of the lateral petals, enters but slightly
withm the lateral interambulacrum, and passes directly over the posterior interambula-
crum m a straight line. In front a large space is included by the fasciole, for it crosses
the anterior ambulacrum not far above the ambitus on a curve, convexity forwards
and It starts off on either side to the end of the long antero-lateral petal

The ornamentation within the fasciole is very close and small, and consists of low
tubercles, perforate and crenulate, surrounded by a circle of mUiaries ; it is very
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uniform except on the slope of the groove for the anterior odd ambulacrum, where it

is larger and scantier. In the anterior interradia this ornamentation becomes

suddenly scanty and large, and increases in these characters beyond the fasciole to the

margin. Over the margin the tubercles become larger and scantier. On the other

hand, the ornamentation of the lateral and posterior ambulacra abactinally is the same

as that within the fasciole and thence to the margin.

Length of the specimen (fractured) 53 miUim., breadth 51 millim.

Locality. Nummulitic series of Kachh. Between Maniara-Fort hill and Karray.

Survey-number C 050.

Illustrations of the Species in Plate VI.

Fig. 3. Abactinal view : natural size.

4. Distal end of antero-lateral petal and fasciole : magnified.

5. Part of the anterior odd ambulacrum : magnified.

2. Hemiastek, sp. Plate VI, Figs. 1, 2.

The second specimen from the same locality had the apical system excentric in

front, a broad anterior ambulacrum, barely notching the ambitus, and long, slightly

curved, deeply grooved antero-lateral ambulacra. These form a wider angle than in the

species just noticed ; but the details are much the same, except that in this larger form

there are fewer pairs of pores. The ornamentation resembles that of the other species.

The fasciole is distinct, and there is no trace of a lateral or subanal one,

although the position whence the first should start is preserved.

Locality, The same as Hemiaster decipiens.

Illustrations of the Species in Plate VI.

Fig. 1. Abactinal view : natural size.

2. Ornamentation, actinal : magnified.

3. Hemiaster caeinatus, Duncan & Sladen. Plate XI, Figs. 1-4.

The test is long, high, and rather narrow, slightly convex actinally, tumid at the

margin except posteriorly. It is boldly tumid in front, tail and truncated behind, with

a slightly re-entering curve there. The highest point is on a tall convex keel in the

posterior interradium, rather nearer the posterior termination than to the apical system.

The apical system is very slightly posterior. The peristome is excentric in front. The
periproct is ovoid and high up on the posterior truncation close below the termination

of the keel of the posterior interradium.

The apical system is very small, immediately behind the very tall and narrow

keels of the anterior interradia, in front of the ascending keel of the posterior inter-

radium, and at the junction of the broad low keels of the lateral ambulacra.

There are two large generative pores, which are separated by a rather long madre-

poric body, which extends posteriorly so as to separate the posterior ocular plates.

f2
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The anterior ambulacrum is broad, lanceolate, with a nearly flat floor, and has

between the apical system and the position of the traversing fasciole a tall sharp keel

on either side. These keels slope up suddenly from the apex, and then curve forwards

at the top, diverging slightly. The groove becomes narrower to the front, and is very

slight on the margin, and is still less near the peristome.

. The floor of the ambulacrum is granular, and the poriferous zones are on the rise

of the slope of the keels. The pairs of pores are separated by faint costse and are

close together near the apical system, five pairs being very small in front of the very

minute ocular pore. Further out the pores increase in size, and the pairs become

more distant : twelve or thirteen large pairs are visible within the fasciole ; further

out they are invisible. The pores of each pair are separated by a tubercle.

The antero-lateral ambulacra are slightly sinuous, are deep, short, broad, nearly

rounded and slightly curved backwards distally, and shallow, narrow, and curved forwards

near the apical system. Their grooves are bounded by the shjpe of the keels of the

anterior interradia, and by the less pronounced tumidity and keeling of the postero-lateral

interambulacra. The interporiferous areas are well developed, but are narrower than

a poriferous zone. The anterior poriferous zone is the longest, and curves outwards

and backwards, overlapping the end of the posterior poriferous zone. The large pores

of both zones are on the slope of the ambulacral groove, except near the apex, where

they are flat and close together and very small. The pores are large in the body of the

ambulacrum, broadly comma-shaped, and those of the outer row are equal in size to

the others ; they are conjugate and separated by broad costse ornamented with a linear

eminence ending in minute granulation. There are 22 pairs of pores in the anterior

zone, about seven being small and close near the apex. Ocular plates and foramina

small. The ambulacra form an angle of about 75°.

The postero-lateral ambulacra are small, short, narrow, close, not one half the
length of the others, and are placed in pear-shaped grooves which are shallow near the
apex and deep distally. There are some pairs of small pores near the ocular plate,

and the other pores are larger, and there are about 16 pairs in all.

The anterior interradia are sharply keeled between the ambulacra, and more in
front they are tumid and marked with slightly gibbose plates. The lateral interradia
are broadly and lowly keeled near the apex, and further out are precipitous to the
margin. The posterior interradium is large, and there is a tall convex keel arising from
a broad base and sloping sharply backwards.

The peristome is rather small, rather crescentic, with broad sides and a very pro-
jecting posterior lip, which is considerably below the level of the anterior one. The
posterior hp is thick in the centre. The plastron, elongate and rather small, is bounded
by a space between it and the mouth, where there is no ornamentation, and at the sides
by ambulacra covered with minute granules. The projecting point of the plastron
limits a broad keel posteriorly, and the whole is ornamented with low tubercles on
slightly raised scrobicules, which are elongate and sometimes imbricating ; the boss is
tumid and flat and near one end of the scrobicule ; and the mamelon is small and
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perforate. This ornamentation diminishes in size posteriorly. In front of the peri-

stome, on either side of the anterior groove, the ornamentation is very scanty, and

consists of more or less distant low tubercles with circular scrobicules, the edges of

which are raised like flat rings. The bosses are low and crenulated, and the very

small mamelons are perforated. Above the margin in this part of the test the orna-

mentation becomes smaller and closer, and near the keels smaller still.

On the flanks the ornamentation is of the distant kind and is large, and higher up

it becomes smaller and closer, but the same character is noticed. The keels of the

lateral interradia have a few medium-sized tubercles on them near the apex.

The posterior truncation is large and slopes downwards and slightly backwards

;

and there is some tumidity above the posterior end of the actinal surface.

The fascicle is peripetalous, and is large and well developed where it clings to the

ambulacra, closing their ends and reaching far towards the apex ; but it becomes

smaller as it passes forwards from the antero-lateral petals to curve over the anterior

ambulacrum, and also where it passes directly over the posterior keel. There is no

offshoot to pass beneath the anus, and no lateral fascicle.

The appearance of the test from above is remarkable on account of the great arch

of the anterior keels and their sloping precipitously backwards ; and it is to be remarked

that this view indicates that the posterior part of the test is the broadest. But seen

from below, the oval outline is evident and the narrowing behind also.

Length of the test 40 millim., breadth 33 millim., height 32 millim.

Locality. Nummulitic group of Kachh. Between Maniara-Fort hill and Karray,

about three miles east of Bair. Survey-numbers C 050, C 050 f c.

Illustrations of the Species in Plate XI.

Fig. 1. The test from the side : natural size.

2. The test, abactinal view : natural size.

3. Actinal view of the test : natural size.

4. One of the tubercles on the actinal surface : magnified.

Genus SCHIZASTER, Agassiz, 1836.

On investigating the types of ScMzaster B^loutchistanensis, d'Archiac, from the

NumnluLitic of Sind in the museum of the Geological Society, it was found that their

condition of preservation did not enable us to discover the position of the fasciole in

front of the antero-lateral ambulacra, that the branch from the peripetalous fasciole to

beneath the anus is very faintly seen, and the ornamentation is worn. Two types are

labelled ; and it is clear that the species varies in the breadth of the test and in the

height of the keel on the posterior interambulacrum.

Several Schizasters in the collection of the Geological Survey of India from Kachh
must be regarded as varieties of the ScMzaster named after Baluchistan by MM.
d'Archiac and Haime. The main difference, and in fact the only one, is that the
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height behind the apical system is not so great as that of the type, although the whole

height there of the test may be equal to that of the type.

1. ScHizASTBR Baluchistanensis, d'ArcUttc, variety. Plate V, figs. 5-8.

The test is tumid, elongate, longer than broad and broader than high ; the margin

as seen from above is rounded in front with a very faint anterior groove, slightly

flattened on either side on a line with the terminations of the antero-lateral ambulacra,

and more convex and widest a little further back on a line anterior to the apical

system. From this point the test is curved sharply backwards, becoming narrower and

almost pointed at the median line posteriorly.

Seen from below, the margin has the same contour as in the view from above,

except posteriorly, where there is a slight truncation instead of a pointed end ; and the

truncated part is overhung (in the natural position) by the pointed end of the upper

surface, the periproct immediately beneath this being visible from below. The test is

tumid all round the margin except posteriorly, where it is truncated, and its highest

point is in front of the posteriorly excentric apical system, on the keels which bound

the anterior ambulacrum. Omitting these keels, the highest point will be the apical

system, and the top of the test is continued backwards over a slight depression on to a

keel in the median line. This slopes backwards and downwards posteriorly, and ends

by overhanging the periproct. In front of the apex the test slopes very gradually along

the line of the anterior ambulacrum, forming a gentle curve down to the tumid margin.

On either side of the ambulacrum is a keel which is high slightly in front of the apical

system, and which slopes in front and merges into the general surface before reaching

the margin. The view from the front shows the groove for the anterior ambulacrum,
the high keels diminishing forwards, the groove slightly diminishing to the peristome.

Posteriorly the test is oblique from above downwards and forwards, slightly concave in

the vertical line, and the lowest point there is the projection at the end of the plastron.

Actinally the test is convex from side to side, flattened in the middle over the plastron,

but still slightly convex there, and it rests on the plastron near the centre. The
position of the peristome is far in advance of the centre, and its lower lip is slightly

prominent. Finally, the plastron is slightly convex from before backwards.

The apical system is small ; there are four generative pores, of which the two anterior
are very small and wide apart ; and the posterior are very large and wider apart than
the anterior, to which they are very close. The ocular pores are small, and the anterior
is between the anterior generative pores, whilst the antero-lateral ocular pores are on a
line with the first pair of generative and the anterior ocular pores. The posterior
generative pores are upon a narrow slightly raised keel, which passes transversely from
one antero-lateral interradium to the other ; and the anterior are in a depression in
front of it and behind a rapid backward slope of the two anterior keels.

The anterior ambulacrum is in a decided narrow and rather deep groove, bounded
by a high keel on either side except in front. Near the apical system the groove has
a flat floor, which becomes concave further out, and the margins of the floor are slightly
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overhung by the keels. The poriferous zones are wide apart ; and the pairs of pores are

at the junction of floor and keel. They are rather distant, oblique, and the pores are

separated by a large rectangular or square process. They become very small and

lose their process before the ambulacrum is crossed by the fasciole.

The antero-lateral ambulacra, which are petaloid and small in relation to the size

of the test, are placed in moderately deep grooves, which are bounded within by the sharp

narrow anterior crests, and posteriorly, near the apex, by the crests of the antero-lateral

interradia. The grooves form rather an acute angle with each other, are shallowest

at the extremities, and the ambulacra are sinuous, broadest midway, and they are

narrow and limited by the fasciole at their distal ends. The interporiferous area is

narrow, slightly aslant from before backwards, and it occupies the base of the groove.

The poriferous zones are broad, are placed on the slopes of the groove, and the anterior

overlaps the posterior at the end of the ambulacrum, the curvature of the anterior

being decided there, and the posterior zone not being quite straight but tending to

bend backwards. Both zones are curved, and the anterior more so than the posterior

;

the anterior is bent near the apex with the concavity forwards and inwards, and there

is a greater and outer curve with its concavity backwards and outwards. The

curves of the posterior zone are much less than those just noticed, but they are in the

same direction. The pairs of pores of one zone do not usually correspond with those

of the other ; they are very slightly conjugated ; and a raised narrow costa, rounded and

low, is on the broad space between the pairs of pores. The pores are large, comma-

shaped, and the outer set are slightly larger than the inner. The outermost and inner-

most pores are small. There are 19 or 20 pairs.

The posterior ambulacra are very small and about one third the length of the

antero-lateral pair; they are close, being separated by the posterior narrow keel,

elliptical in outline, in shallow grooves ; and there are about ten pairs of pores with a

narrow interporiferous area. The pores are smaller than those of the antero-lateral

ambulacra. These ambulacra do not reach more than one third of the distance to the

posterior margin of the test.

The anterior interradia are raised into keels on either side of the anterior ambu-

lacrum ; they are narrow, very nearly parallel, have a sharp crest which is highest

at a point which corresponds with the middle of the antero-lateral ambulacra, and

which slopes rapidly behind that point to the apical system. There is a consider-

able ornamentation on the surface of the anterior ambulacrum. The ambitus has

medium-sized tubercles placed on slightly raised flat scrobicules, which are circular in

outline or deformed when close to others ; the bosses are low and rather flattened out

and crenulated ; and the mamelons are small and perforate. Where there is any

space between the scrobicules there is a fine granulation. Lower than the ambitus

and extending below the margin to and on both sides of the peristome are larger

tubercles, usually less crowded, with the same structural details on a larger scale.

The floor of the ambulacrum is granular; and this condition is seen along the

groove to the peristome, a tubercle coming in here and there below the margin.

Higher up than the ambitus the tubercles become smaller and smaller and more
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crowded until the anterior fascicle is reached. On the flanks of the keels the

tubercles are crowded, and are larger on the inner than on the outer side.

The lateral interradia have a keel near the apical system and some gibbosities

further out ; and the ornamentation is of small tubercles, which become larger towards

the margin, but which never equal the medium-sized tubercles of the anterior inter-

radium except close to the ambulacrum at the margin.

The posterior interradium has a very decided, narrow, elevated keel on it in the

median line, the upper surface of which is nearly horizontal in front and curved

gently behind. The tubercles of the interradium are very small near the apical

system and far back, and only become slightly larger and less crowded on either side

and below the periproct.

The peristome is small, far in front, and is semilunar in shape. The upper lip is a

smooth narrow plane which slants from the ordinary level of the test upwards and

inwards, and is marked by the oblong slits of the peristomial ambulacral pores. The

lower lip is at the end of the plastron, is ridged at its free curved edge, and projects

slightly downwards ; it is decidedly lower than the upper part of the peristome. The

plastron is irregularly elliptical in outline, is very slightly convex, and terminates

posteriorly in a projection; the tubercles on it are close, and are on flat, slightly

elevated scrobicules, which are longer than broad, and which radiate in lines from the

projection forwards and outwards, the largest tubercles being those in front. The

bosses are nearer the front than the back part of each scrobicule.

Actinally the ambulacra are slightly grooved and very plain as regards their

ornamentation. Slit-like pores are seen ; and the posterior ambulacra limit the

plastron laterally.

The fascicles are two in number, the peripetalous and the latero-subanal.

The peripetalous fasciole bounds the end of the petaloid antero-lateral ambulacrum,

and is continued inwards close to the poriferous zone as far as the inner one fourth of

the ambulacrum, and therefore close to the interradial ridge; it then passes back-

wards and slightly inwards to the posterior ambulacrum, the greater pait of the outer

poriferous zone of which is environed by it. The fasciole limits the end of the ambu-
lacrum and passes over the keel in a curved direction, concavity backwards, to reach
the opposite ambulacrum. In front of the end of the antero-lateral ambulacrum the

fasciole turns inwards and forwards, and reaches the top of one of the crests of the
anterior ambulacrum ; it passes over the crest in a long slant forwards, inwards, and
downwards to form a V-shaped curve on the groove, the concavity being backwards,
and then it joins the fasciole of the opposite side.

The lateral fasciole starts from a small gibbosity about halfway between the
outer and inner ends of the posterior poriferous zone of the antero-lateral ambulacrum,
passes as a thin line with a backward, downward, and very slightly outward trend, and
then downwards, backwards, and inwards to curve beneath the periproct about halfway
between it and the projection of the plastron.

The fascicles are composed of exceedingly minute granules very closely packed,
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and the lateral and subanal are very narrow and continuous, whilst there is a decided

enlargement in breadth of the peripetalous fasciole close to the end of the antero-

lateral ambulacra and quite in front.

The periproct is elliptical in shape, longest in the vertical direction, and it is

placed immediately beneath the end of the posterior median keel.

Length of large specimen 27 millim., breadth 22 millim., height 18 millim. ; length

to breadth 1 : 0"8, length to height 1 : 0'66.

Locality. Kachh. From a canon in Nummulitic rock between Maniara-Fort hill

and Karray, about three miles east of Bair. Survey-number C 080 Cf.

Illustrations of the Species in Plate V.

Fig. 5. The test from above: natural size.

6. The test, side view : natural size.

7. The test, actinal view : natural size.

8. The apical system, ambulacra, and part of fasciole : magnified.

A large and considerably injured Spatangoid is in the same bed as that just

described. Its measurements are :—Length 58 millim., breadth 47 millim., height 44

millim. It appears to be an adult form of the above, but the apical system is

slightly more in front than in the others.

Fig. 9. A side view: natural size.

Genus PEEIPNEUSTES, Cotteau, 1875.

A well-marked species of this genus, which was first of all noticed by Cotteau in

the Tertiary deposits of San Bartholomew in the West Indies, is in the Nummulitic

zone of the Kachh Tertiaries. The following is the generic diagnosis of Cotteau :

—

Test long, swollen, more or less cordiform. Apical system excentric in front. An-

terior groove notching the margin strongly. Anterior ambulacrum difi'erent from the

others, and formed of simple small pore's. Paired ambulacral areas petaloid, narrow, long,

sunken, nearly equal in length, the posterior being usually longest. Poriferous zones

with small rounded pores near the summit, becoming larger, subtransverse, and

conjugate further out. Tubercles unequal on the upper surface, some large and

distinct, and others closer, more abundant, and homogeneous. Large tubercles closely

circumscribed by the peripetalous fasciole. Peristome transverse, bilabiate, very

excentric in front. Periproct oval, largely open, placed at the summit of the posterior

end. Apical system compact. Four generative pores, the anterior pair closer than the

posterior. Peripetalous fasciole broad, strongly angular ,• subanal fasciole annular.

In this definition some family characters and others of a specific value predomi-

nate. The distinctive structures of this Spatangoid are the nearly equal petals, the

large abactinal tubercles included by a peripetalous fasciole, and the presence of a

subanal fasciole.

G
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The genus is close to Macropneustes, differing in the presence of a subanal fasciole

only.

Dames* notices the doubtful distinction between Peripneustes and Euspatangus,

and doubts whether the concave petaloid ambulacra of the former genus are sufficient

to separate it from Buspatangus. This applies very well to the form which he has

called Peripneustes brissoides, Leske, sp., from S. Giovanni, Ilarione ; but in the

species about to be described the Peripneustic characters are much more fully

developed than in the Italian specimen. On the other hand, the distinction from

Macropneustes, a genus well represented in the Egyptian Nummulitic series, is only

that of the presence of a subanal fasciole in the Eastern form f.

1. Pkkipneustbs insignis, Duncan & Sladen. Plate V, Figs. 1-4.

The specimen is 79 millim. in length ; and the relative dimensions are as follows :

—

Length to breadth 1 : 0-87, height 1 : 0-608.

The test is large-and thick, somewhat heart-shaped, longer than broad and broader

than high, tumid and subhemispherical in vertical outline above the rounded-off

margin. Abactinally the greatest breadth is central, and the test narrows decidedly

behind and less so in front, where the margin is broadly furrowed. Actinally the

posterior narrowing is less than above the margin, and a subanal groove exists, which

with its tumid sides gives a broad and swollen appearance to the posterior part ; the

margins are rounded, but less so than elsewhere in the line of the ambulacra and

especially of the postero-lateral.

Abactinally the highest point of the test is behind the centre, and on the tumid
posterior interradium between the postero-lateral ambulacra. There is a gradual slope

forwards at first, and then a sharp one to the margin ; but the slope backwards is more
gradual, the curve being greater until a line between the ends of the postero-lateral

ambulacra is reached, where a decidedly oblique truncation occurs, its slope being
downwards and a little forwards.

The apical system is slightly excentric in front (-2 part of the whole length in

front of the centre) and is in a little depression ; it is small, and much longer than
broad. The generative pores, four in number, are close together, the anterior pair

being the most approximated and the posterior rather wider apart ; they are large

and are at the summit of low crateriform eminences.

The ocular plates are large and distinct, and are slightly sunken below the level

of the generative plates. The madreporic body, in relation with the right anterior
generative plate, is placed between the postero-lateral generative plates and extends
backwards beyond them, gradually widening so as to separate the posterior ocular plates

;

it narrows and ends just behind the line of the posterior edge of the posterior ocular
plates, causing widening of the posterior interradium there. The surface of the madre-

• Palaeont. 1877, p. 72.

t De Loriol, Monog. des £ohin. numm. de l'£gypte, 1881, p. 127 et seq.
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porite is minutely but distinctly and sharply granular, there being minute foramina in

the spaces between the granules.

The anterior odd ambulacrum is in a groove which is very shallow and narrow at

first, and which increases in breadth and depth to the margin, which it excavates con-

siderably, and it is continued over, gradually diminishing, to the peristome. The pairs

of pores are only visible near the apical system, and are very small and distant.

The antero-lateral ambulacra, rather sinuous, are in broad shallow grooves, which

gradually diminish in depth near the distal end of the ambulacrum. The ambulacra

are very wide apart, are petaloid near the apex, and open at the other end, which does not

extend to near the margin ; they are curved slightly near the apex, the convexity being

forwards, and more decided further out, where the curve alters in its direction and

the convexity looks forwards and inwards.

The poriferous zones, which are well developed, are situated on the slopes of the

groove ; and the pairs of pores, small in size near the apex, increase suddenly in dimen-

sions. The zones increase in size about halfway to the end and then diminish, the ends

being rather narrow, but not coming to a point ; they show no tendency to close. The

pores are large, subequal, and are rather more elliptical than circular in outline ; they

are conjugate by a broad shallow groove, which is interrupted by a ridge which sur-

mounts the broad shallow costa between each pair. This ridge usually has from seven

to eight close granules in linear series on it, or some or all of the granules may

coalesce to form two or three in a broken line or a ridge. There are about 36 pairs

of pores in each poriferous zone. At the end of the poriferous zone the pores diminish

greatly in size, become very elongate, and are rare and distant.

The interporiferous area is narrower than the poriferous zone, and it becomes

broader towards the end, where it equals the diminished zone in breadth. Its

ornamentation is scanty, and consists of a small tubercle which is placed at the

junction of the costa with the zone, and of small granules scattered very sparingly and

of about the same dimensions as those on the costge.

The postero-lateral ambulacra form a small angle by their divergence, and are in

broad shallow grooves sloping rather on the sides of the posterior tumid interradium.

They are petaloid at the apex, are broad further off, and they retain their breadth

close to the end, which is remote from the margin, the only narrowing consisting of a

closer approach of the pores of the last four or five pairs. They are longer than the

antero-lateral ambulacra, about equal in breadth to them, and are slightly curved, the

concavity being directed forwards, outwards, and downwards. The poriferous zones have

about 42 pairs of pores, those nearest the apex being very small. The pores are subequal,

but towards the distal extremity of the ambulacrum the outer pores become more

elongate elliptical than the others ; at this part the pores become closer, and at the end

smaller. The interporiferous area is smaller than a poriferous zone, barely equalling

half its breadth. The greatest breadth of the ambulacra is 7 millim., and the length

of the antero-lateral is 35 millim., that of the postero-lateral being 43 millim.

Actinally, the region of the postero-lateral ambulacra is broad, long, and nearly

g2
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bare, having a few scattered rounded granules on it anterior to the posterior margin.

The openings for pores are few in number.

The interradia are tumid abactinally from before backwards. The anterior

portion of the test is marked by the excavation of the broad and moderately deep

groove at the ambitus, and there are two slight vertical projections on each side

of the groove, which are well defined by a slight gibbosity on each plate.

The lateral interradia are tumid around the apex, and, as this condition is noticed

in the others, the apical system is in the midst of a slight depression. The posterior

interradium is narrow and long, convex from side to side and from before backwards ;

it forms a well-rounded tumid mass between the posterior ambulacra, is pinched in a

little on either side between their ends, and is broadly truncated posteriorly, the slope

looking backwards and downwards obliquely. There is a swollen look about the

interradium at the margin, and also actinally on either side of a shallow groove

below the periproct. The plastron is long, triangular, and has a slight central keel

placed longitudinally and reaching two thirds of the distance to the mouth. The
plastron is slightly convex from side to side.

The peristome is excentric in front and rather close to the anterior margin ; it has

a well-defined arched posterior lip, which is covered with small tubercles and granules.

The periproct is large, broadly elliptical, its greatest diameter being in the vertical

direction, and it is rather pointed above and below. Below it is a shallow broad groove.

There are two fascicles—a peripetalous, which is very narrow and which runs a

rather irregular course ; and a subanal, which is a little broader than the other.

The peripetalous fasciole is broadest below the posterior poriferous zone of the

antero-lateral ambulacra, with which it is not in contact, being 5 millim. nearer the
margin than the last pair of pores. The fasciole then passes forwards and slightly

upwards to reach a gibbosity on the outer vertical low keel of the anterior interradium
;

it then passes downwards and towards the median line to the keel by the side of the
odd ambulacrum, and passing still towards the median line, it crosses the ambulacrum
with a broad curve, convexity downwards, just as the ambitus slopes towards the
base, and 19 millim. from the lowest point of the groove in the anterior part of the
test, and 40 millim. from the apical system. Behind the antero-lateral ambulacra the
fasciole turns suddenly but remotely, and then curves slightly into the area between the
ambulacra before passing downwards and backwards to reach the end of the postero-
lateral ambulacra, which it bounds

; it then crosses the posterior interradium, with a low
curve, convexity upwards. It consists of a ribbon-shaped narrow band marked with close
minute granules, and it is bounded by a single series of small low tubercles.

'

The subanal fasciole includes the broad tuberosities on either side of "the groove
beneath the periproct, and it passes over the edges of this groove. Seven pairs of pores
of the postero-lateral ambulacra are just within its outer curve.

The ornamentation of the test, abactinally, is difi^erent within the peripetalous
fasciole, and beyond it or nearer the margin of the test. Within the fasciole on the
lateral and posterior interradia there are a few definitely placed, and on the anterior
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interradium more numerous and less definitely placed, small tubercles, still smaller

tubercles, and granules. The first kind of tubercles are fiat, low, truncated, crenulated,

conical bosses, surmounted by low mamelons, which, are fiat above and perforated ;

they stand in very shallow circular scrobicular spaces (often non-existent) surrounded

by a single circle of granules ; some are placed rather wide apart, and tubercles of the

second kind may intervene, or else the scrobicular series of granules may touch.

In the posterior interradium the larger tubercles are very definitely placed on

either side of the median line, and near the apex there is a single row, one tubercle to

each plate, then two plates have two ; and the next plates on either side have three, one

being placed behind the others so as to form a triangle. Then small and large tubercles

are gradually added to succeeding plates to form widely open angular series, the point

being backwards ; so that with the increasing breadth of the plates the numbers of

tubeixles increase in the Vandykes. An indication of this style of ornamentation is seen

in the lateral interradia, the number of larger tubercles increases on each successive

plate from the apex to the fascicle, and the arrangement is in lines converging with

widely open angles.

The anterior interradium has more numerous tubercles, and placed in irregular

rows in each plate, but much more sparingly near the apex than lower down. The

second kind, or smaller tubercles, also crenulate and perforate, are scattered generally

over the surface, and are fewest along the median lines of the interradia. The granules

are usually in circles around, the larger tubercles, and there may be considerable spaces

without them.

Below the fascicle in the lateral posterior interradia there are no large tubercles, but

crowds of the second kind, which here and there are larger than the second kind above

the fascicle ; but in the anterior interradium there are tubercles below the fascicle

nearly as large as those above and crowded together.

Actinally, the ornamentation consists in front and at the sides near the mouth of

large crenulate and perforate tubercles placed on fiat disks, nearer one side than the

other, crowded and environed by granules. Further back the dimensions of the

tubercles diminish and they are less crowded.

Within the comparatively bare posterior ambulacra the plastron has its tubercles

increasing in size from the central keel, at a point anterior to the subanal fascicle, out-

wards and forwards. The tubercles are crowded below the anal groove and on either

side within the fascicle.

Locality. Kachh. From a canon in Nummulitic rock between Maniara-Fort hill

and Karray. Survey-number C 050.

Illustrations of the Species in Plate V.

Fig. 1. The test, side view : natural size.

2. View from above : natural size.

3. The apical system : magnified.

4. Part of the posterior ambulacrum and fascicle : magnified.
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Genus EUSPATANGUS, Agassiz, 1847.

Urchins of moderate size, and in general depressed. Ambulacral petals rounded,

closed, splayed. Ambulacral areas with large tubercles, crenulated and perforated.

Fasciole peripetalous, not sinuous, and circumscribing the large tubercles. Posterior inter-

radium without large tubercles. A subanal fasciole present environing the anal plastron.

1. EusPATANGUS AFFiNis, Duncan & Sladen. Plate XII, Fig. 2.

There is a much crushed specimen from the Nummulitic series of Kachh, the upper

surface of which and part of the actinal area are fairly preserved. It has very much

the appearance of a Maretia, and especially of those forms which have a faint fasciole,

which is not invariable. The test was certainly not high during life, and is now very

flat, not from crushing, but apparently from contraction or falling-in after death. It is

notched in front, and a bold furrow is continued to the very excentric in front peristome.

The antero-lateral ambulacra open at a very wide angle, and the poriferous zones are

slightly sunken, the interporiferous the broadest, being slightly raised. The posterior

poriferous zone is the longest and is curved, concavity forwards. The anterior is deficient

in its development of pores for a short distance from the apex, and the line of rudi-

mentary hollows representing the position of pairs is directed inwards and forwards

;

the remainder of the zone is curved more decidedly than the posterior zone and in the

same direction. The ambulacra are broad towards the apical end and become narrow

distally, the pores becoming closer and the interporiferous area diminishing in breadth.

The pairs of pores are in deep grooves, separated by broad granular costse ; the inner

pore is round, and the outer, much the largest, is comma-shaped.

The posterior ambulacra, much longer than the others, are separated by a low broad
keel, and make an acute angle ; they are very slightly sinuous. Narrow and coming
to a point distally, they are rather broader midway, and increase to the first third of
their length ; nearer the apical system they become narrower. The poriferous zones
longer and broader than the others, are sunken and oblique on the sides of the raised

interporiferous area; the anterior is more curved than the posterior; and in both
especially in the posterior, the pairs of pores nearest the apical end are ill-developed.

The apical system is small, the pores close; and the madreporic body extends far
back between the posterior ocular plates. There is an excessively faint groove with
a rounded keel on either side of the apical system, in which the very small pores of
the anterior odd ambulacrum are placed.

The interradia diff'er much in size ; there are numerous large, sunken, crenulate
and perforate tubercles in the anterior and lateral ; they are in four or five concentric
rows, and they decrease in size towards the margin. One exists on either side of the
median line in the posterior interradium.

The whole abactinal surface is minutely and distinctly granular with miliaries, and
amongst them are sparsely distributed very small tubercles.

The peristome is large; its outline is more than semicircular, and, behind,, the lip
is stout, straight from side to side, and dependent.
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A large tuberculation of prominent bosses and large mamelons, placed on flat

scrobicules surrounded by slightly raised divisional deformed circles, exists actinally. It

is largest on either side of the posterior ambulacra behind the mouth, smaller in

front, and diminishes towards the margin, over which it merges into the minute tuber-

culation of the abactinal surface. The plastron, long and not very broad, and the ambu-

lacra on either side are bare until close to the projecting point beneath the truncation

for the periproct. A short triangular process of tubercles extends in front of this point,

and merges into the ornamentation of the subanal plastron, which is environed by

a subanal fascicle.

An exceedingly faint fasciole is peripetalous and bounds the great tubercles. (The

anus and the test close by are crushed.^

Length 46 millim., breadth 37 millim., height 9 millim. (crushed).

Locality. One mile east of Goir, near Narainsir. Nummulitic series of Kachh.

Survey-number C 043 B.

Illustration of the Species in Plate XII.

Fig. 2. Abactinal view : natural size.

2. EusPATANGUs KOSTEATUS, d'ArcMac. Plate VII, Figs. 1-8.

This species is described by MM. d'Archiac and Haime *, and the types are in

the museum of the Geological Society of London. The condition of the specimens was

not sufficiently good to enable a reliable diagnosis, and the figures given by those authors

are restorations. The peculiar abortion of the inner pairs of pores of the anterior

poriferous zone of the antero-lateral ambulacra, which is seen in the specimens lately

collected, is not visible in the old types, and there is no trace of a fasciole in these

last. The shape and the position of the great tubercles enable Euspatangus rostratus

to be recognized ; but of course the generic position of the form is open to doubt, and

we have considered it in our remarks on the fauna.

A considerable number of specimens of different sizes is amongst the collection

from Kachh, and some of them are very perfect in their condition. Some are identical

in shape with the types of d'Archiac and Haime, and others are more bilobed or

notched in front than the original type.

MM. d'Archiac and Haime give the following diagnosis :

—

Body elongate, suboval ; subbilobed in front, rather attenuated behind, and trun-

cated at the extremity ; rather thickened behind. Ambulacral petals tolerably well

closed, rather sharp-pointed, moderately broad, and rather long. Poriferous zones

rather narrow, costulate. Anterior ambulacrum only slightly depressed in front, with

indistinct pores. The lateral interradia are broader than the anterior, and the posterior

is narrow and swollen behind ; it is smooth like the ambulacra, but the others are

covered with large tubercles unequal in size and sunken in shallow fossettes. The

peripetalous fasciole appears to be submarginal. The periproct is marginal, suboval,

and angular above, higher than broad. Inferior aspect nearly plane, but swollen in

* Op. cit. p. 218, plate xv, fig. 3.
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front of the anus. The peristome is at the anterior two sevenths of the great axis.

Good-sized tubercles are on the lateral interradia.

The authors add, " Nous n'avons pas pu nous assurer completement de la presence

d'une fasciole peripetale dans cette espece." This fasciole does not occur in the

specimens from Kachh, and it is absolutely invisible in the type described above.

To the above diagnosis may be added :—The inner pores of the anterior poriferous

zone of the antero-lateral ambulacra abort ; the madreporic body extends far back and

Separates the posterior ocular pores ; the subanal fasciole is distinct ; the plastron is

large and wide ; the great tubercles are crenulated slightly.

There is some variation in the shape with age, and the younger forms are less

notched (Plate VII, fig. 8).

Localities. The species is found in the Nummulitic zone, and also in the higher

horizon with Orhitoides. From three or four miles north-east of Pipiir: Survey-

number C 039 f. The same, but from a higher bed without Nummulites: Survey-

number C 039 A f. From upper part of Nummulitic group with Orhitoides

(Oligocene), from near Kapurasir, north of Kayari : Survey-number C 035 f.

Illustrations of the Species in Plate VII.

Fig. 1. The test from above : natural size.

2. Actinalview: natural size.

3. Posterior view : natural size.

4. Apical system : magnified.

5. Sunken tubercle : magnified.

6. Pairs of pores : magnified.

7. A linear longitudinal section : natural size.

8. A specimen barely notched in front.

V. Descripion of the Fossil Echimidea from the Beds immediately above the Num-
mulitic Series, with Orhitoides in some instances, from Kachh.

Order ECHINOIDEA EXOCYCLICA.
Suborder GNATHOSTOMATA.

Family CLYPEASTRID^.
Subfamily EUGLYPEASTBID^.

Genus CLYPEASTEK, Lamarck, 1801.

Specimens of three closely allied species of Clypeaster are in the collection from
Kachh. They come from a bed without Nummulites; but their mineral condition
resembles that of the upper part of the Nummulitic group, or that which has
Orhitoides.

Unfortunately only part of the specific diagnosis can be satisfactorily determined
as the apices are wanting

; but the species are not those mentioned by MM. d'Archiac
and Haime and Grant.
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1. Cltpeaster Sowbrbyi, Duncan & Sladen. Plate XII, Fig. 11.

The test is flat and very slightly elevated at the rosette only, the margin is barely

swollen, and the whole test is longer than broad ; it is truncated and indented for a

short space behind, rather straight at the sides, truncated at the posterior lateral

angles, and rounded in front, the curve being less at the margin of the median line of

the anterior interradia than quite in front. There is a slight depression where the

petals spring from the test.

The petals are widely open, slightly swollen, have broad interporiferous areas ;

and the zone of pores, broad in the third quarter of the length, attenuates towards the

open extremity.

The anterior odd ambulacrum is the longest, and is long and ovate ; it is not

closed ; and the zone of the right side is slightly shorter than the other. The antero-

lateral ambulacra are the shortest and narrowest; the terminal pairs of pores of the

posterior zone tend to flare backwards.

The postero-lateral ambulacra are of the breadth of the odd one, and are slightly

shorter. The ornamentation of crowded small tubercles is carried over the costse in a

single row. The actinal ornamentation is larger than the abactinal. The periproct is

close to the posterior edge, and the peristome is in a slight depression of the flat test.

Length 55 millim., breadth 50 millim., height 10 millim. ; length of odd petal

15 millim., of antero-lateral 11 millim., of postero-lateral 14 millim.; breadth of

odd and postero-lateral petals 9*5 millim., and of the antero-lateral 8'5 millim.

Locality. Kachh. Three or four miles N.N.E. of Piptir, from a bed higher than

those with Nummulites. Survey-number C 039 A.

Illustration of the Species in Plate XII.

Fig. 11. The test, from above.

2. Clypeastek Carteri, Duncan & 8laden. Plate XII, Fig. 12.

The test is depressed, faintly rounded posteriorly, straight at the sides, rounded in

front, and slightly curved at the margin of the anterior interradia. The length is

greater than the breadth, and the breadth is very equal between the lateral ambulacra

;

the shape is that of a pentagon with the angles truncated and more or less rounded.

The margin is slightly tumid, and the rosette is slightly elevated. The petals are

slightly swollen and are widely open ; they are broad and have large poriferous zones.

The odd and the postero-lateral petals are nearly of the same length and are longer than

the antero-lateral. The postero-lateral petals are the broadest, and the odd one is the

narrowest, the antero-lateral being a little broader than it. The poriferous zone of the

odd ambulacrum is as broad as the interporiferous area, and that of the lateral petals is

nearly as broad. The postero-lateral interporiferous area is broader than the others.

The ornamentation is small, but is less on the ambulacra, and a row of granules

extends along the costte.

Length 63 millim., breadth 54 millim. ; breadth of posterior ambulacra 12 millim.

;

length of odd ambulacrum 15 millim.

H
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Locality. Kachh. Three or four miles N.N.E. of Pipur, from a bed higher than

those with Nummulites, Survey-number C 039 (a).

Illustration of the Species in Plate XII.

Fig. 12. The test, from above : natural size.

This species, closely allied to the last, has broader and coarser poriferous zones

and a larger ornamentation.

3. Clypeastee Faloeiestsis, Duncan & Sladen. Plate XII, Fig. 15.

The test is depressed, rather tumid at the margin, slightly hollowed out actinally,

and very shghtly elevated at the rosette. The lecgth is greater than the breadth,

and the greatest breadth of the irregular pentagon is on a line with the antero-lateral

ambulacra. The margins are slightly reenteringly curved on the anterior interradia,

and the front and hinder angles are bluntly rounded.

The petals are very long, rather narrow, decidedly tumid, not very broad, and are

widely open distally. The poriferous zones are rather straight, and the interporiferous

areas, tumid and narrow, are not more than double the width of the poriferous zones.

The odd ambulacrum is the. longest, and its right poriferous zone is shorter than its

fellow; its breadth is the same as that of the others : the openness of the distal end

is remarkable. The antero-lateral ambulacra, next in length, are widely open, and the

posterior poriferous zone turns back at the end. The posterior ambulacra are the

shortest, and their breadth is the same as the others. The ornamentation is distinct,

small, and is closer within the ambulacra ; a line of tubercles is on the very low costse.

Length 70 millim., breadth 61 millim. ; length of odd petal 25 millim., of antero-

lateral 22 millim., and of posterior 20 millim. ; the breadth of the petals is 10 millim.

Locality. Kachh. Upper part of Nummulitic group, with Orbitoides. Falora

river, near B^bua Hill. Survey-number C 166 f.

Illustration of the Species in Plate XII.

Fig. 15. The abactinal surface : natural size.

Suborder ATELOSTOMATA.

Family CASSWULIDM

Subfamihj EOHINOLAMPIN^.

Genus ECHINOLAMPAS, Gray, 1825.

1. EcHiNOLAMPAS, sp. Plate II, Fig. 5.

A portion of a test, which has weathered out of a mass of Nummulitic limestone,
shows much of the anterior part above the apical system, the anterior and antero-
lateral ambulacra, and part of the posterior ambulacra. The interporiferous areas of
the antero-lateral and postero-lateral ambulacra are tumid and raised above the level



OF KACHH AND KATTYWAR. 51

of the test. The odd ambulacrum is narrower and shorter than the others. The

apical system is excentric in front ; and the test slopes rapidly in front, where the margin

is well rounded. The anterior poriferous zone in the antero-lateral ambulacra is short

;

and the ornamentation is crowded.

Locality. Kachh. Between Bayow and Didaptir, south-west of Lakpat. Survey-

number C 034 f

Illustration of the Species in Plate II.

Fig. 5. The test, included more or less in rock : natural size.

This species appears at first to resemble an exaggerated variety of Echinolampas

globulus, Lamk. ; but as the specimen is so incomplete we do not associate it with

any species.

Family SPATANGIB^.

Subfamily SPATANGINJE.

Genus EUSPATANGUS, Agassiz, 1847.

1. EuSPATANGUS EOSTEATUS, d'AvcMaC.

This species has been noticed in describing the Echinoidea from the Nummulitic

series of Kachh (p. 47). Its highest habitat is in the Orbitoides beds near Kapurasir,

north of Kayari. It is also found in the Khirthar (Nummulitic) and Nari (Oligocene)

series of Sind.

VI. Description of the Fossil Echinoideafrom the Miocene Series of Kachh.

Or^fer ECHINOIDEA ENDOCYCLICA.

Family CIDAHWM

Genus CIDAEIS, Klein, 1734.

The test is thick, circular in outline, and equally flat above and below. The

ambulacra are narrow and undulating, and only carry very small tubercles or granules

in from two to six rows. Interambulacral areas at least four times as broad as the

ambulacra!, with two rows of large tubercles, from four to seven in a vertical row,

perforated, and either crenulated or not. Scrobicules large, either circular or elliptical.

Miliary zones more or less broad and sometimes depressed. Poriferous zones narrow,

formed of series of pores, the pairs of which are not conjugated by furrows.

1. CiDAEis Halaensis, d'ArcMac & Haime. Plate VIII, Figs. 7, 8.

This species was founded by MM. d'Archiac and Haime on a portion of a test,

on which a part of an interradium and only part of the vertical half of two ambulacra

h2
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are to be seen*. An almost exactly corresponding portion is in the collection from the

Arenaceous series of Kachh ; but the triple row of small tubercles on one half of an

ambulacrum within the non-conjugate poriferous zone is visible. The portion of the

test has many resemblances to a part of a Goniocidaris ; but under the unsatisfactory

circumstances we leave the form as MM. d'Archiac and Haime placed it. The great

characteristic is the height of the test.

Locality. Arenaceous series near Warsar, north of Jakao. Survey-number C 068.

Illustrations of the Species in Plate VIII.

Fig. 7. Part of a test: natural size.

8. Part of an ambulacrum : magnified.

Genus GONIOCIDARIS, Desor, 1846.

The coronal plates are more numerous than in the other genera of Cidaridse, and

the sutures of the plates are sunken, forming deep impressions along the vertical median

line and also along the horizontal margins of the plates. Pits exist at the junction of

the horizontal and vertical lines. The tubercles are perforate and non-crenulate. The

ambulacra are narrow. The spines are cylindrical, and their surface is covered with

ascending spines ; they are often flaring and cupped at the extremity.

V The Arenaceous Miocene Tertiaries of Kachh contain plates and spines of a species

of Goniocidaris ; and a closely allied or identical species is found in the white limestone

of the Mekran coast. But in this last instance the spines are much larger than in the

Kachh deposit. The form approaches Goniocidaris tubaria, Lamk., sp., from the

Australian and Tasmanian seas ; and it has the scrobicular circle elliptical and the boss

and mamelon not very large. There are about eight primary tubercles, and there are

several rows of small miliaries outside the row of secondaries around the scrobicular

circle. The interporiferous area has six small tubercles in a transverse row (three on

each plate).

1. GoiTiociDAKis AFFiNis, Buncan & Sladen. Plate VIII, Fig. 9.

The interambulacral plates are broader than high, and slope up to the slightly

sunken scrobicule, which covers much space. The boss is a broad, short, truncated cone,
with a groove at its top, at the base of the large perforate mamelon. A row of
secondaries surrounds the scrobicule, and is composed of separated tubercles with rather
long mamelons, a miliary or a row of three intervening. Beyond this row, towards
the median groove, is a second, of smaller tubercles, and it is less defined ; and still nearer
the edge of the plate is a row of miliaries, a second existing on the large plates. There is

only the row of large secondaries on the upper and lower part of the plate, but on the
lower edge there is an ill-defined row of small miliaries also.

The transverse grooves between the plates are linear, rather deep, and the median
is well defined; but the pitting at the angles is very slight. The ambulacra are undu-

• Op. cit. p. 196, pi. xiii, fig. 2.
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lating ; the pairs of pores are separated by an elevated narrow ridge, and there is a

small tubercle close to the inner pore on the interporiferous area, and three smaller

ones (or one nearer the actinostome) towards the median line. The test is thin, and

the sutural markings are distinct on the inner surface.

Locality. Arenaceous series of Kachh, near Warsar, north of Jakao. Survey-

numbers C 068, C 068 F.

Several fragments which are united in a mass show that the test was high and

that the plates were numerous in vertical series.

Illustration of the Species in Plate VIII.

Fig. 9. The plates : natural size (actinal end upwards).

There are several well-marked spines in the collection from the Arenaceous series

of Kachh, some of which belong to species of Goniocidaris (Plate VIII, Figs. 11, 13, 14),

and show the depressed cup-like terminations, and others belong to other Cidaridae

(Figs. 10, 12).

Family ABBACIABM.

Genus CCELOPLEURUS, Agassiz, 1840.

1. CcELOPLEUEUS FoEBESi, d'ArcMac & Haime. Plate XII, Fig. 1.

This species was described and figured by MM. d'Archiac and Haime from a

single specimen, which was much crushed and deformed {op. cit. p. 200, pi. xiii. fig. 6).

Enough remained, however, to form a good specific diagnosis.

In the collection from Kachh there is a broken specimen showing the greater

part of the apical system and the upper part of an ambulacrum and interradium

tolerably perfect.

We add therefore a description of these parts, which is more or less defective in

the work j ust quoted.

The anal ring is irregularly pentagonal in outline and is slightly raised above the

ordinary test-level ; one angle is posterior. The five generative plates, which are large,

enter into the formation of the ring, and the five oculars do not, but they slope upwards

from the ambulacra to the suture between the nearest generative plates.

The madreporic is the largest plate, and the others are broad at the edge of the

ring and unite with their fellows to the right and left by a short straight suture. The

plates are about as long as broad, and their free end is a wide angular projection,

which is at a lower level on the test than the end of the ocular plate on either side.

A re-entering curve is on either side, and reaches the straight suture. The generative

pore is large and circular, and is at about three fourths of the length of the plate from

the ring. Close to the edge of the ring there is a little bunch of small tubercles, about

four in number, and beyond it are one or two others ; one has the appearance of
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having been large and prominent on either side. Small ridges and grooves radiate

from the bunch right and left, and some pass over onto the ocular plates. The angular

part of the plate is free from these ridges ; but a curved groove, convexity upwards,

intersects the plate on a level with the generative pore.

This species occurs in Kattywar, and its details will be more carefully considered

in treating of the fossils of that locality.

Illustration of the Species in Plate XII.

Fig. 1. Part of the test: magnified.

Fawvily GLYPHOSTOMATA.

Subfamily TEMNOPLEUBID^.

Numerous specimens of the beautiful Echinoid which was described and figured

by MM. d'Archiac and Haime* as Temnopleurus Rousseaui, d'Archiac, occur in the

Arenaceous or Miocene deposits of Kachh north of Akri, south of Bair. They are

often so well preserved that many of the structural peculiarities which are not visible

in the very unsatisfactory types in the museum of the Geological Society are readily

studied
;
for instance, the apical system and the peristome. Some of the specimens

are worn
;
and this enables us to compare the sutures of the coronal plates with those

of Temnopleurus toreumaticus from the present Indian Sea. The structure of the
ambulacral plates is visible in some worn specimens ; and it is clear that the statement
made by MM. d'Archiac and Haime that each plate is pierced externally by three pairs
of pores is incorrect. The plate is really composed of three, two large and one accessory,
and each of these is perforated by a pair of pores. The first two enter into the composi-
tion of the plate beneath the ornamentation, across which, however, the sutures run

;

and the third is a small plate not entering much into the composition of the plate
proper.

The pair of pores are close, and in some places the usual slight curving of triplets
is not seen.

The fossettes along the horizontal sutures are, as stated by MM. d'Archiac and
Haime, " peu profonde" and broad, and nearly as long as broad. We notice that
the suture is seen at the bottom of the fossette, and that this state diff-ers in the same
specimen actmally and abactinally and at difi'erent stages of growth-the young and
old forms having very differently shaped and ornamented ambulacra. In some sped-
mens the zigzag median line of the ambulacra is very visible, in others it is much less
so. Each plate has a large tubercle on it near the poriferous zone, and closer to the
actinal than the abactinal transverse suture. A smaller tubercle is close to the angle
of the plate near the median zigzag line, and three miliaries are above the larger one,

* Op. cit. p. 205, pi. xiii, fig. 10.
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curving above it, whilst one or two others are between it and the smaller tubercle,

according to the growth of the individual ; or the miliarias may be in a transverse line

above the larger tubercle, and one or more may be between it and the smaller. The

interradial plates halfway between the apex and peristome are about twice as broad as

they are high. According to the original describers, " they all show little fossettes in

their transverse sutures, which are rather deep, rounded, and rather elongate and sub-

angular in the vertical direction. The number and size of these fossettes often vary

according to position. Near the apical system two exist on each suture ; then three and

four (which are, however, very small) are seen with descent towards the ambitus. On
approaching the peristome the number and size diminish, and they become very small

and slightly pronounced." It is correct to state that, from apex to actinostome, there

are two vertical rows of fossettes in relation to each vertical row of plates ; also where

the angle of a plate impinges against the end of the suture of the one on the other

side of the median line there is a fossette ; and, moreover, occasionally where the suture

touches the poriferous zone there is one ; so that the number of fossettes varies with

growth and individuality. Now we find that they are all shallow, that a line of

suture crosses their floor, that when wearing has occurred the sutures are in plain

lines, and that there is no undermining or deep perforating as there is in Temno-

pleurus toreumaticus and in the species of Salmacis,

The fossettes along the transverse sutures have their upper and lower margins

formed by oblique concavities in the upper and lower interradial plates ; and their inner

and outer boundaries are formed by processes which are in relation with the tubercles

of the plates. A large tubercle is on the middle of each plate, and nearer the actinal

surface a smaller tubercle is on either side of it at some little distance ; and the vertical

processes which limit the fossettes are abactinally and actinally to those three tubercles.

Very small tubercles or miliaries with a few larger miliaries form an arch over the'

large tubercle, and extend over the others, or are in a straight line. The fossette at

the angle of the plates in the median line does not reach to any depth. It is evident

that the plates are thick, and that, as they grow exogenously, spaces are left along

the line of the sutures. The fossettes are not seen in the very young form ; and in

some large specimens there is so little trace of them that they resemble species of

Salmacis, and the plates are then not bevelled. There is great variation in the

height of the plates.

The peristome is small and sunken, and the cuts are exceedingly small. The

apical system is usually symmetrical, but in some specimens there is an obliquity of a

long axis which recalls Glyphocyphus.

The apical system closely resembles that of Temnojyleurus toreumaticus. The
madreporic genital plate is the largest, and the others are large and project onto the

median interradial space with a bluntish angle ; the pore is large and not close to the

edge, although not far removed. The ocular plates are much smaller than the others,

and are concave towards the poriferous zones. A row of granules is on each plate

near its apical part.
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The shape of the test is rarely preserved except in young forms ; it is moderately

swollen, flattish, and ingoing actinally, and more or less turban-shaped above. (See

notice of the shape in the description of the l^attywar Echinoidea.)

It is clear that the tubercles are imperforate and non-crenulate. In about forty

specimens we found one with two crenulate tubercles. The fossettes do not resemble

the true pits of Temnopleurus, Pleurechinus, Salmacis, &c.*

On examining the specimens, descriptions, and drawings of the species of Bicfyo-

pleurus from the Ranikot series of Sind f, the resemblance to those now under con-

sideration is seen to be great. Yet these Miocene forms depart from the type, and even

ti-om that of J)ictyoj)leurus Eaimei, nobis %. The obliquity of the axis of the anal

opening exists in some forms it is true, but in most the opening is circular and there

is no obliquity. The tubercles are non-crenulate and imperforate in the Miocene forms,

and this and the evidently ornamental character of the fossettes recall Temnechinus of

Forbes. Admitting the alliance of these Miocene species with the genus Bictyopleurus,

are they separable from Temnechinus 1 The structure of the ambulacra and fossettes

in all is that of Temnechinus ; and the only difference in the ambulacra is that, instead

of there being one large tubercle with a vertical prolongation of the plate close to it

actinally, which separates the two fossettes of each plate, as in Temnechinus, the Kachh

forms have three tubercles and corresponding fossettes. But as these fossettes are

mere matters of ornamentation, the importance of considering the species as belonging

to Temnechinus is enhanced. It is curious that in their great work MM. d'Archiac

and Haime should have misrepresented Forbes, and endeavoured to render his

genus of no great value. Indeed they absorb the four species of the Crag (Temnechini)

into the genus Temnopleurus (op. cit. p. 202), and make a great mistake regarding the

geographical distribution. They state :
—" La distribution geographique des especes

fossiles du genre Temnopleurus merite d'etre remarquee, puisque sur les neuf qui sont

connues, quatre appartiennent au Crag d'Angleterre, et cinq aux depots nummulitiques
de la Chaine d'Hala, sans que jusqu'a present on en ait trouve aucune autre ailleurs.^'

The species described by MM, d'Archiac and Haime did not come from the Num-
mulitic of India, but from the Miocene. No true Temnopleurid is found therein.

Justice and the rules of classification demand that the distinction which Forbes made
between Temnechinus and Temnopleurus should hold good ('-' Echinoderms of the Crag,"
Pal. Soc. 1852, p. 5). The attempt on the part ofMM. d'Archiac and'Haime to absorb
Temnechinus fails in the face of the knowledge of the morphology of the test of Temno-
pleurus which has been attained since their time.

Forbes thus diagnosed Temnechinus :—'' Body more or less spherical; ambulacral
and interambulacral segments developed, bearing on their plates, whose sutural margins
are mostly excavated, tubercles of various sizes. Vent central

; genital disk sur-

* MartinDunoan, Journ. Linn. Soc, Zoology, vol. xvi. p. 343.

t D u n a n and S
1
a d e n. Pal. Ind., Fossil Eohinoidea of Sind, Part II. plates ix, x, p. 36 et m

t Op. eit. p. 40.
^

' '
i- a-
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rounding the anal space, composed of five prominent genital and five ocular plates, all

perforated and alternating ; one of the former combined with a madreporiform tubercle.

Ambulacral avenues composed of pairs of pores indistinctly ranked, their ranks con-

fluent throughout. Spines of one order."

By omitting the family peculiarities we might diagnose the genus as :—Spherical or

tumid turban-shaped Urchins, Apical system well developed and regular ;
peristome

small, sunken, with very small cuts ; ambulacral pores nearly straight in series ; transverse

sutures of ambulacra and interradia with fossettes. Tubercles non-crenulate and imper-

forate. The negative characters are the absence of true pits along or at the ends of

sutures, and the absence of obliquity in the apical system. Occasionally a crenulated

tubercle is seen.

Temnechinus, thus restored, difiers from Temnopleurus and its subgenus Pleurechinus,

for these have true pits at the angles of plates which undermine the test, and are accom-

panied by a knob-and-socket jointing of the plates.

In Dictyopleurus (Foss. Echin. of Western Sind, p. 38) the apical system is

oblique and an ocular plate enters the ring ; the pores are continuous in series, and

the ornamentation is of raised zigzag ridges narrow or broad ; there are no true sutural

pits ; tubercles crenulate and perforate.

Arachniopleurus has a costulate ornamentation peculiar to itself, and no true pits.

Gemis TEMNECHINUS, Forhes, 1852.

1. Temnechinus Roussbaui, d'Archiac, sp. Plate XI, Figs. 7-11.

The species remarked on above, which is so characteristic of the Kachh Miocene.

Locality. North of Akri, south of Bair. Miocene series. Survey-numbers C 054,

C 054 A f.

Illustrations of the Species in Plate XI.

Fig. 7. The test : natural size.

8. The apical system : magnified.

9. Part of an interambulacrum and a poriferous zone : magnified.

10. Part of a worn ambulacrum : magnified.

11. Part of a perfect ambulacrum : magnified.

Amongst the specimens of this species are several which, although quite as large

as the type, have only slight traces of sutural fossettes, or do not have them at all.

The rest of the ornamentation is the same as in the type.

Plates without fossettes. Plates with slight fossettes.
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Or^er ECHINOIDEA EXOCYCLICA.

Suborder GNATHOSTOMATA.

Family CLYPEASTBID^.

Subfamily EUGLYPEASTBID^.

Genus CLYPEASTER, Lamarck, 1801.

1. Clypeaster depeessus, Soweriy*. Plate X, Figs. 5-9.

Many specimens of this species are in the collection from Kachh, and also in the

Museum of the Geological Society, which contains the type.

The alliance to Clypeaster scutiformis, Lamk., is of the closest ; and the scooping

out of the actinal surface of the test, noticed by A. Agassiz in that species, is evident.

The specimens are of different sizes, and some are very young. There is a variety

which > is rather more elongate than the types (Plate X, Figs. 5 & 7), and which

renders it necessary to absorb Clypeaster profundus, d'Archiac and Haime.

The usual shape of large forms is depressed, hollow actinally, pentagonal at the

margin, which is slightly tumid. Test suddenly raised at the inner third of the petals

to the apex and depressed around the distal ends of the petals. Petals unequal, the

antero-lateral being the narrowest ; all are slightly tumid. The costse carry small

miliaries, and sometimes one or more larger tubercles resembling those of the inter-

poriferous area. The anus is far back and submarginal. Great variation in shape and

in the size of the petals is noticed, and also in the outline of the test.

Locality. Arenaceous series or Miocene : about a mile east of Goir, near Narainsir

;

river east of Sujapiir ; near the south bank of the river from Teyra ; Falora river,

near Babua Hill; Babua Hill. Survey-numbers C 166, C 024, C 043 a, C 043 Af,

C 156, C 153.

Illustrations of the Species in Plate X.

Fig. 5. Abactinal view of test : natural size.

6. Costse and pores : magnified.

7. Actinal view of a specimen : natural size.

8. Diagram of section.

9. Needle-pillars: magnified.

2. Clypeaster Waageni, Duncan & Sladen. Plate XII, Fig. 13.

The test is thin, very depressed, slightly swollen at the rosette, and slightly
depressed at the ends of the petals, is longer than broad, broadest posteriorly, a long
pentagon in shape, sharply rounded in front, faintly reenteringly curved at the sides
and on the median line posteriorly ; angles bluntly rounded.

The petals are very slightly tumid, broad, long, and widely open ; the interpori-

* Grant, Geol. Trans. 2nd ser. vol. v. part 2, tab. 24, fig. 26.
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ferous areas are much wider than the poriferous zones. The odd ambulacrum is the nar-

rowest, and is longer than the antero-lateral, and equal to the posterior pair in length

:

its poriferous zones become narrow distally and show no tendency to close ; whilst the

interporiferous area is nearly three times as broad as a poriferous zone. The poriferous

zones of the lateral ambulacra diminish in breadth distally, are widely open there, and

the last three pairs turn slightly away from the direction of the median line of the

broad interporiferous area. The very broad and long posterior ambulacra are also

open. The ornamentation of the interradia is close and small, and that of the

ambulacra closely resembles it. The costse carry a row of tubercles of the same dimen-

sions as those beyond.

Length 67 millim., breadth 55. Length of odd petal and of postero-lateral

20 millim., of antero-lateral 17 millim. Breadth of odd ambulacrum 10 millim., of

antero-lateral 11, and of posterior 11'5.

Locality. Kachh. Miocene series ; about a mile east of Goir. Survey-number

C043 Af.

Illustration of the Species in Plate XII.

Fig. 13. Abactinal view of the test : natural size.

3. Clypeaster Goieensis. Plate XII, Figs. 14 & 16.

The test is depressed, longer than broad, very slightly elevated at the rosette,

irregularly pentagonal in outline, broadest on a line with the antero-lateral ambulacra,

narrowest in front of that line. The posterior angles are truncated, and there is a

slight reentering curve at the sides and posteriorly. The petals are tumid, long, broad,

widely open ; the poriferous zones are broad, become narrow suddenly distally, and

the terminal pairs are directed outwards ; and the interporiferous areas are more than

twice as broad as a poriferous zone.

The odd ambulacrum is of the same length as the posterior, but is the narrowest

of all in its area and zone. The antero-lateral ambulacra are the shortest, are broader

than the odd one, and are very nearly as broad as the postero-lateral ; these last are

as long as the odd one, and are the broadest of all. The ornamentation is small and

crowded, and the costse carry tubercles in a single row, which are of the same size as

those in the interradia and interporiferous areas close by. Near the margin the orna-

mentation is coarser.

Length 74 millim., breadth 65. Length of odd and posterior ambulacra 20 millim.,

of antero-lateral 17-5 millim. Breadth of odd petal 12 millim., of antero-lateral 13,

and of postero-lateral 13'7.

Locality. Kachh. Miocene series; about a mile east of Goir. Survey-

number C 043 A f.

Illustrations of the Species in Plate XII.

Fig. 14. The test from above : natural size.

16. The terminal pores of a poriferous zone : magnified.

1

2
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Genus ECHINODISCUS, Breynius, 1732.

This genus, under the careful study of Alex. Agassi z, has absorbed the genera

Loh(yphora and Amphiope.

The test is much depressed and thin ; the anterior edge is rounded, and the pos-

terior is truncated. There are two lunules or cuts corresponding to the posterior ambu-

lacra. Ambulacral petals small and well defined. Four genital pores. Lower surface

flat, and the ambulacral furrows ramify but little towards the edge. Anus near the

posterior edge. The greater part of the interior is occupied by a calcareous network

rising into pillars for more than half the distance between the edge and the actinostome*.

In the Miocene series of Kachh there are some imperfect specimens of a small

member of this genus ; but they are sufficiently well preserved to give specific characters,

which show that they differ from, and yet are closely allied to, Echinodiscus Mforis,

L. Agassiz, sp., from Mozambique, the Red Sea, and Java.

1. EcHiNODiscus Desgei, Buncan & Bladen. Plate XII, Figs. 7-10.

The test is very thin, broader than long, broadest on a line with the distal ends of

the posterior ambulacra; it is narrower and rounded in front and broadly rounded

behind. Actinally, the test is flat and the actinostome is very small and nearly central

;

abactinally there is a very faint projection of the rosette and apical system, which

is subcentral or slightly posterior.

The anterior odd ambulacram is the longest, and is narrower than the antero-

lateral petals, which are the broadest. The posterior petals are broader and shorter

than the anterior, and smaller altogether than the antero-lateral petals. The petals are

short and closed, and the rosette is small on the whole. The poriferous zones are

broad, and their greatest breadth is at their outer third ; the interporiferous area is

about the breadth of one of the poriferous zones.

The apical system is large in comparison with the petals, and there are four genera-

tive pores : the front pair are distinct from the others, and are slightly closer together

than are those of the hinder pair. The posterior pores are external to the position

of the antero-lateral ocular pores.

The lunules behind and in a line with the posterior ambulacra are in ellipses,

whose long diameter is not quite three times that of the minor.

Actinally the grooves are broad and shallow ; they bifurcate close to the mouth,
curve symmetrically, and enclose long elliptical spaces, and give oflf" a side branch near
the edge. Each groove has a raised ridge on its floor near the peristome, which ends in

a slight swelling perforated by two lenticular pores.

The peristome is longer than broad, and the interambulacra are slightly raised at

its edge, the posterior being the broadest.

Locality. Miocene series of Kachh : three miles north-west of Kayari, near
Narainsir. Survey-number C 038 f.

* See Ales. Agassiz, ' Revision of the EcWni,' p. 531.
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Illustrations of the Species in Plate XII.

Fig. 7. The abactinal surface : natural size.

8. The actinal surface : natural size.

9. Plates near a lunule : magnifiisd.

10. Side of the peristome : magnified.

Suborder ATELOSTOMATA.

Family CASSIDULIDJE.

Subfamily EOHINOLAMPINJE.

Genus ECHINOLAMPAS, Gray, 1825.

The diagnosis of this genus has been given and considered on a former page.

The Miocene series of Kachh contains numerous specimens of a species of

JEchinolampas which is closely allied to the recent species.

The measurements indicate that in height, breadth, and length the forms are

nearer Echinolampas Hellei than EcJiinolamjpas oviformis ; but the apical system is more

excentric anteriorly than in either of the living species, and the structure of the peri-

stome differs. Under the circumstances, we place the forms provisionally in a new

species.

1. EcHiNOLAMPAS Indica, Duucan & Sladen. Plate IX, Figs. 1-10.

The test is long, broadest on a line with the end of the posterior poriferous zone

of the posterior ambulacra, not very high, swollen at the margin, very broadly curved

anteriorly from the small, very exce^ntric in front, apical system ; it slopes very

slightly behind for some space, and then more so to the slightly projecting posterior

edge, which overhangs the periproct. Behind the position of the greatest breadth the

test is somewhat nipped-in. On the actinal surface the angularity produced at the

greatest breadth is evident ; the surface is slightly convex from the margin to near the

peristome, which is in a slight yet definite depression. The peristome is rather large

and pentagonal; it is open and deep, and its front lip is on a line with the apical

system. The bourrelets are small, low, broad, and are covered with a smaller orna-

mentation than just beyond, and it resembles that of the walls of the peristome. The
phyllodes are petaloid and are in very slight depressions, and the doubling of the pores

and the central line of minute tubercular ornamentation are evident. The anterior odd

one is continued forwards, and has alternate large tubercles succeeded by" smaller and

more numerous ones near the ambitus.

The apical system is small, button-shaped, projecting, and there are four genera-

tive pores ; madreporic body central.

The ambulacra are petaloid except the odd one ; the poriferous zones are narrow,

and the interporiferous areas wide and nearly flush with the test.

The anterior odd ambulacrum is much the shortest, does not close, and its breadth
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is less than that of the other petals, but approaches that of the postero-lateral pair.

The left-hand poriferous zone is slightly the shortest.

The antero-lateral ambulacra are yery nearly transverse and broader than the

others ; they are lanceolate near the apex, but near the margin the anterior poriferous

zone (the shorter of the two) turns backwards, whilst the posterior and longer continues

its path, turning very slightly posteriorly when nearer the margin than the other.

The postero-lateral ambulacra, narrower than the antero-lateral, are slightly the

longest, for their anterior poriferous zoneis-continued on beyond the posterior by ten or

twelve pairs of pores, and this part of the zone tends to turn slightly forwards at the

end. The pairs of pores of the ambulacra are rather wide apart. The ornamenta-

tion of the interporiferous areas is very close, and it is in transverse linear series in

lateral ambulacra.

Behind the apex the test is much less tumid than in front ; and the ornamentation

is small, close, and uniform over the whole abactinal surface.

The periproct is submarginal and rather obliquely placed; it is elliptical and

elongated transversely, and is visible from behind in young specimens.

The ornamentation of the interradia is crowded and small, widest near the apex

and ambitus.

The ornamentation on the actinal surface is nearly twice the size of that above,

as well as more distant and distinct.

Measurements of type :—Length 55 millim., breadth 49, height 30.

Ditto of a large form :— „ 65 „ „ 56, „ 34.

Distance of apical system from the front in type 11 millim., and in the large

specimen 15 millim.

Eelative dimensions :—Length 1, to breadth 0-89, to height 0-54.

„ 1, » 0-86, „ 0-52.

Locality. Miocene series of Kachh: Wamuti. Survey-numbers C 190, C 190 f.

Illustrations of the Species in Plate IX,

Fig. 1. Abactinal view : natural size.

2. Side view.

3. Actinal view.

4. A specimen with narrower petals.

5. Abactinal view of the same.

6. Apical system, magnified, of Fig. 1.

7. Peristome: magnified.

8. A variety : abactinal view.

9. A variety : actinal view.

10. Part of a phyllode : magnified.
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2. EcHiNOLAMPAS Wynnei, Buncan & Sladen. Plate IX, Figs. 11, 12.

The test is long, narrow, ovoid, narrower behind, depressed, much more tumid abac-

tinally anteriorly than posterior to the excentric in front apical system. The slope is

sudden to the tumid margin in front and also to the sides from the apical system,

which is at the highest point, and the slope is more gradual posteriorly.

The profile from the front is bluntly angular above,, curved at the sides at the

ambitus, and narrowed and level inferiorly. The margin is tumid except posteriorly

in the median line and on either side of it, where the test is nipped-in somewhat.

There is a slight angularity on the margin, far back in the lateral interradia.

The apical system, which is at the highest point, is excentric in front, and is well

developed. The ambulacra are unequal, very slightly raised, the narrow poriferous

zones being sunken. The odd ambulacrum is short, narrow, and open. The antero-

lateral ambulacra are exceedingly broad and short, but longer than the odd one ; their

anterior poriferous zone forms a bold curve convexity forwards, and the posterior zone,

nearly equally curved at first, has the convexity backwards ; it is longer than the anterior

by many pairs of pores, and thesfe curve in the opposite direction. The poriferous zones

have the pairs of pores rather widely apart, and the costse are stout and carry a row

of granules. The pairs diminish in breadth towards the end, and become more distant.

The pores are large, and the inner series are more circular in outline than the outer.

The posterior ambulacra are the longest, but they are not so wide as the lateral

;

they are petaloid and broad except where the posterior zone tends to approach the other,

which is prolonged nearer the margin. The ornamentation of the interporiferous areas

is crowded and small, and hardly differs from that of the interradia close by.

Actinally the test is swollen between the rather sunken peristome and the margin.

The peristome, excentric in front, is pentagonal, not much broader than long, and is

deep, with granular walls. The bourrelets are well developed, and the lateral are the

smallest and the most projecting; the posterior is the widest, but does not project so

much as the anterior; their rim projects, and is ornamented with small tubercles

resembling those of the peristome-wall.

The phyllodes are petaloid and somewhat sunken ; two pores are at the peristomial

end, and beyond is a succession of double pores, and there are pittings in the median

line of each phyllode for sphseridia. The periproct is elliptical and transverse, and

opens downwards and backwards ; it is inframarginal, transgressing on the margin, and

is visible from behind. The ornamentation of the actinal surface is close and crowded,

middle-sized at the margin, larger nearer the peristome, and largest in the interradia

close to the phyllodes.

Length 49 millim., breadth 41, height 22.

Eelative dimensions .-—Length 1, to breadth 0-83, to height 0-44.

Locality. Miocene series : Wamiiti, Kachh. Survey-number C 190 f.

Illustrations of the Species in Plate IX.

Fig. 11. The test, from above.

12. Actinal view.
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3. EcHiNOLAMPAS SPH.EEOIDALIS, d'ArcMac. Plate XII, Fig. 6,

Several much-fractured specimens of this species are amongst the collection from

the Miocene series of Kachh. They agree with the description given in ' Les

Animaux fossiles de I'lnde,' p. 210, and plate xiv, figs. 6 a, I.

We figure the abactinal surface of a specimen from " Stream-course near Pipur,

bordering the tidal fiats." Survey-number C 044 f.

Illustration of the Species in Plate XII.

Fig. 6. The abactinal surface : natural size.

It is interesting to find that this and the next so-called Nummulitic species belong

to the Miocene fauna.

4. EcHiNOLAMPAS Jacquemonti, d'ArcMac.

Some indifi'erent specimens are in the Miocene series.

Family SPATANQIB^.

Subfamily 8PATANGINJE.

Genus MOIEA, A. Agassiz, 1872.

Moera, Michelin, 1855.

Desor, in his ' Synopsis des Echinides,' gives the following definition of the genus

(page 394) :—
Urchins of moderate height, tumid, ovoid, well characterized by their very narrow-

ambulacra, which resemble fine deep slits starting from the summit, and being closely

surrounded by a peripetalous fasciole in the form of a smooth band. A lateral fasciole

exists as in Schizaster. There are two generative pores.

The fossil species, Moira lachesis, Girard, is found in Postpliocene deposits in

South Carolina. It is, however, a variety of Moira atropos, A. Agass\z,= Spatangus

atropos, Lamk., a recent form, found down to 80 fathoms from the shore, West Indies

to North Carolina, and this is probably its northern limit.

A recent species, found on the Californian coast, h Moira clotho, Mich. Alex.
Agassiz notices that it is most closely allied to Moira atropos, and indeed the distinc-

tion is hardly specific. But this species is of importance because another recent
one, Moira stygia, Liitk., is well differentiated, and inhabits the Red Sea and Zanzibar
coast. It is possible to compare a fossil form from the Miocene of Kachh, which is

found in considerable numbers at Wamuti, with these recent forms. The result
is very interesting, for it is clear that the species about to be noticed has some of the
characters of Moira stygia and some of those of Moira atropos and its variety.

1. Moira antiqua, Duncan 8f Sladen. Plate VIII, Figs. 1-6.

The test is high, slopes sharply from the raised keel in the odd interambulacrum
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to the anterior margin, and more decidedly backwards to the posterior truncation, which

is curved, concavity backwards, and ends below in the prominent termination of the

plastron. The marginal outline abactinally is heart-shaped and pointed behind ; and

actinally the breadth is greatest behind. The apical system is behind the centre and

in front of the narrow raised keel of the posterior interambulacrum. Two generative

pores are present.

The anterior odd ambulacrum, widest and very deep in front of the apical system,

narrows and shallows towards the margin, and is continued over it close to the peristome

as a decided groove with a flat fl.oor. The pairs of pores are scanty in this last part of

the ambulacrum, but are numerous and close in the deeply-sunken portion. The

anterior lateral ambulacra are long, make an angle of 90°, are slit-like, and the sides

are widest apart distally. The direction of the narrowest part, which is close to the actinal

system, is more from behind forwards than further out. There is no overlap of the edges

or occlusion.

The posterior lateral ambulacra are much shorter than the anterior, form an angle

of about 45°, are straight, narrow, and deep.

The peristome is- large, transverse ; the anterior lip is slightly convex anteriorly, and

the posterior projects below its level. Large depressions for pores occur in the course

of the antero-lateral ambulacra near the mouth, and also at the origin of the odd

ambulacrum. The posterior ambulacral spaces are narrow near the mouth, and they

broaden posteriorly ; they are finely granulated. The plastron is narrow, projects

downwards, is convex from side to side, and very slightly so from before backwards

;

its ornamentation is regular, and radiates from the posterior projection to the front,

and the tubercles are large in front and gradually diminish in size posteriorly.

The periproct is situated high up in the posterior truncation, is rather small, and is

elliptical in outline. The peripetalous fasciole is narrow, and clings to the edges of the

groove-like ambulacra ; and the lateral fasciole is very linear, and passes downwards and

backwards, reaching the projection at the bottom of the truncation and crossing far

below the periproct. The upper part of the truncation rather overhangs the lower.

Length 26*5 millim., height 21 millim., breadth 25 millim.

55 -ty 55 55 -to 55 55 ^" 55

Locality. Miocene series of Kachh : Wamuti. Survey-numbers C 190, C 190 f.

Abundant.

Illustrations of the Species in Plate VIII.

Fig. 1. The test of a moderate-sized specimen : side view.

2. Posterior view : natural size.

3. Abactinal view of another specimen.

4. Abactinal view of another specimen.

5. Abactinal view of a large specimen.

6. Outline of a small specimen : actinal view.
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Genus BREYNIA, Desor, 1847.

Large Urchins well characterized by the presence of peripetalous, internal, and

subanal fascicles. There are large tubercles with deep scrobicules limited by the

peripetalous fascicle, but not in the posterior interambulacrum. The internal fascicle

crosses the four petals, and their pores within its area differ from those without and

may disappear.

1. Beetnia caeinata, d'Archiac Sf Haime. Plate X, Figs. 1-4.

There are two specimens in the collection from Kachh which are sufficiently well

preserved to enable their identity with Breynia carinata, d'Archiac & Haime, to be

established*. Unfortunately the typical specimen in the collection of the Geological

Society of London does not show the correct position of the crossing of the internal

fasciole anteriorly.

Messrs. Medlicott and Blanfordf give an excellent figure of the species, drawn

by Wynne and Fedden (diminished one half); and they indicate the correct shape of

the area within the internal fasciole, making it elongate, and also show for the first time

distinctly the minute pores of the lateral and posterior ambulacra within the internal

fasciole. These are clearly seen in the typical specimen in the Museum of the

Geological Society.

In the specimens from Kachh the test is decidedly nipped-in behind the posterior

ambulacra. The number of large tubercles increases with the dimensions or growth

of the test, and the area within the internal fasciole is long, regularly arched in front,

and more angular behind.

The pores of the lateral and posterior ambulacra are visible, and those of the odd
ambulacrum are continued to the crossing of the fasciole. The large pairs of pores of

the ambulacra are separated by costse which are beautifully granular. The large

tubercles stand up from the depths of their scrobicules, are conical, small at the top,

perforate and crenulate. The periproct is elongate transversely, and the more or less

cordiform subanal fasciole environs tubercles placed in very regular transverse and
oblique series separated by grooves, on which, near the fasciole, are the ambulacral pores.

The peripetalous fasciole does not enter the space between the ambulacra, and
includes the great tubercles.

Locality. Miocene series
:
near Bair (not found in place), and near Biitta, east of

lera. Survey-numbers C 046, C 067.

Illustrations of the Species in Plate X.

Fig. 1. The test, abactinal view.

2. The test, posterior view, showing subanal fasciole.

3. Abactinal view of a large specimen.

4. Apical system : magnified.

* Op. cit. p. 216, tab. XT.

t Op. cit. plate xvi, fig. 9.
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The type of the genus Breynia is the recent Breynia Australasioe, the Spatangus

Australasice of Leach, from South Australia. A second species described by Gray,

'Catalogue of Echinida,' is from "Western Australia. His description, however, is

difficult to understand, as he says there are tubercles on the posterior interambulacrum.

Probably this is a misprint for anterior. The real and only diflference between this and

the southern form (which is also now found in the Chinese and Japanese seas and in

Torres Straits) is that the number of tubercles is greater in the western form. Alex.

Agassiz does not recognize this second species, however.

The recognized species is carefully described by Alex. Agassiz in his 'Revision of

the Echini ;' and he notices the complete obliteration of the inner pores of the lateral

and posterior ambulacra within the internal fasciole, and the paucity of great tubercles

on either side of the anterior ambulacrum.

' Genus TEOSCHELIA, gen. nov.

The test is long, high, oval, notched in front, truncated behind. Apical system

excentric in front; madreporic passing between the posterior ocular plates. Lateral

ambulacra in very deep grooves
; pores large ; poriferous zones not closed ; inner pores

of antero-lateral ambulacra small. Peristome excentric in front, broader than long,

posterior lip well developed. Periproct high up in the truncation. Large sunken

tubercles in the interradia, except the posterior. A peripetalous fasciole passes

between the great tubercles on the lateral interradia. A subanal fasciole well

developed.

1. Teoschelia tuberculata, Duncan & Sladen. Plate VII, Figs. 9-12 ; Plate XI, Fig. 5.

The test is irregularly oval in outline and largest anteriorly ; abactinally it is

rounded in front, slightly notched at the margin by the anterior groove, broadest behind

the apical system, which is excentric in front, nipped-in posteriorly, and truncated

behind, the truncation sloping gently from above downwards and forwards. The test

is longer than broad and broader than high, and the height is one half of the length

;

it is generally tumid, the transverse outline of the abactinal surface being nearly

hemispherical. The margins are rather sharply rounded and the actinal surface is

generally slightly convex, except at the narrow flat plastron, the posterior extremity of

which projects decidedly downwards. The highest point of the test is nearly central

and behind the apical system, the slope is gradual posteriorly, and there is a bold curve

anteriorly.

Length of test 64 millim. ; breadth &4 millim. ; height 32 millim. The length to

the breadth 1 : 0-843 ; the length to the height 1 : 0-5.

The apical system is far in front and slightly posterior to the third of the length

from the anterior margin. The peristome is also excentric and in front, but it is

slightly posterior to the position of the apical system. The periproct is at the top of

the posterior truncation and just below the ending of a rounded-off keel ; it is large,

k2
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elliptical in outline, elongate nearly vertieally, and is partly visible from the acUnal

«nvfarp but not from the abactinal.
, , . . , i „

me apical system is situated in front of a broad keel in the odd mterambulacmm,

a.db?JnTatt'surface which lead, in front to the narrow shallow groove for fte

Tntrior ambulacrum; it is small. There are four generaUve pores, of wta h he

poLor pair are the largest and widest apart; the antenor pa>r are close to the

p«Sor; and the madreporio body extends between the posterior patr and postenorly

to them being larger than the area included by the pores.

XreoId'anteL ambulacrum in the groove has a brdad floor
;
and the pores,

elongate, very visible, and few in number, are on the slope of the broad keel-hke

eminences which bound the groove. The pairs of pores are wxder apart anteriorly.

The anterior pair of ambulacra are long, nearly transverse m direction, and are

placed in wide and deep grooves, which become flush with the general surface at the

outer end of the poriferous zones, not far from the margin. The grooves are broader

and deeper than that which includes the odd ambulacrum: they dimmish m

breadth externally, and the anterior edge is slightly convex to the front, the posterior

being straight. The interporiferous area is narrow and finely granular, and is on the

base of the groove ; and the poriferous zones are broad and partly on the flanks of it.

The pores within the groove are very large, nearly circular in outline, those of each

pair being separated by a na,rrow process and conjugate, and there are about twelve

pairs in each zone. But nearer the apical system, at the commencement of the groove,

there are, in each zone, a pair of small pores and four pairs of almost microscopic ones,

ending close to a minute ocular pore, The poriferous zones do not curve together at

the outer extremity of the groove, and the petal is not closed ; the peripetalous fasciole

is in close contact with this part of the ambulacrum.

The posterior pair of ambulacra are the longest, are in deep grooves, which are

narrower than those of the antero-lateral pair ; they diverge at a very acute angle and

are close together, being separated by the narrow, convex, keeled interambulacrum,

whose extreme breadth is not more than twice that of the grooves. These ambulacra

are nearly straight ; but towards their ends they curve slightly forwards, become flush

with the test, and are bounded by the fasciole. The petals do not close. There are

about eleven or twelve pairs of large pores within the groove, and the interporiferous

area is narrow. Nearer the apex there are a few very small pores.

The anterior interradials are roundly keeled at the anterior groove, tumid else-

where, and pass into the rounded margin. The ornamentation on top of the flat keel

on either side of the anterior groove, just in front of the apex, is of close rows of flat

tubercles in sets of four, and they become irregular and smaller towards the front and

also near the antero-lateral ambulacra. On the slope of each interradium in front are

tliree irregularly placed groups of large tubercles sunken in deep scrobicules and

adherent to one side of them. The first group is a solitary tubercle, which may be

flanked by two smaller ones ; the second, inferior to the first and separated by the

fasciole, is a long irregular linear series of six tubercles; and the third, still nearer
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the margin, consists of a small group of tubercles near the groove, and of a linear series

extending below the line of the antero-lateral ambulacrum.

The lateral interradia are marked with some twenty large tubercles of the same

character as those of the anterior interradials ; they vary somewhat in size, and

the smallest are the lowest. They are in irregular rows, and the uppermost set is

separated from the others by the peripetalous fasciole. Occasionally some of the

tubercles are close to the distal end of the poriferous zone of the posterior ambulacra.

The junction of one side of the tubercles with the test in which the scrobicule

is sunken is very evident ; they rise but little, or not at all, above the level of the test,

and have a minute mamelon which is perforate and crenulated. The ornamentation

between these great tubercles is very closely packed, and consists of small flat tubercles

larger than miliaries, with hardly any space between them.

The posterior interradium, convex from side to side, keeled anteriorly and trun-

cated posteriorly, has no large tubercles upon it, and the ornamentation resembles that

of the other interradials.

The peristome is transverse, slightly sunken, with a well-developed posterior lip.

The anterior groove, after notching the margin of the test, is lost, and does not lead to

the peristome. A very narrow and slightly projecting posterior ambulacrum leads on

either side of the plastron to the peristome in front, and to the strongly ridged arched

portion of the ambulacrum within the subaual fasciole behind. This narrow band has

no tubercles, and they are small on the ridge.

The plastron is narrow and is covered with small tubercles on flat, raised scrobicules,

and their size diminishes towards the dependent projection, which is crossed by the

fasciole.

The rest of the inferior surface beyond the fasciole and the plain band of the

posterior ambulacra is profusely tuberculate, the dimensions of the tubercles increasing

from the margin inwards. Usually the tubercles project from the edge of flat scrobicules

with circular or elliptical margins ; but occasionally the scrobicule is sunken in front,

and a miniature of the large tubercles of the abactinal surface is produced.

The subanal fasciole is strongly developed, and is on the slope of a considerable

bent ridge placed on either side of the test. The fasciole crosses over to the opposite

side between the peristome and the depending part of the plastron, and forms above a

curve, concavity upwards, which is situated far below the anus. Within the area

limited by the fasciole are some pores of the ambulacra and some distinct tubercles in

rows ; these tubercles diminish in size towards the median line, and are placed on

slightly raised, flat, elliptical or circular scrobicules.

There is a concave space below the anus, and it is limited below and at the sides

by the ridge for the subanal fasciole.

There is a narrow and very sinuous peripetalous fasciole ; it can be seen passing

round the end of the antero-lateral ambulacra and curving upwards and forwards

between the series of large tubercles on the anterior interradia to cross over to the

opposite side. Posteriorly it passes upwards and backwards, separates the upper
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tubercles from those nearer the margin, and reaches the edge of the posterior ambulacra;

it turns round their outer terminations and crosses over the posterior interradium

rather far back.

Locality. Kachh: stream-course north-west side of Hikelu Hill. Miocene

series. Survey-numbers C 061 B f, C 061 {h).

Illustrations of the Species in Plate VII.

Fig. 9. Abactinal view : natural size.

10. Actinal view : natural size.

11. Part of the ornamentation near the anterior ambulacrum : magnified.

12. A tubercle: magnified.

Plate XI.

Fig. 5. The apical system, showing the small pores.

Gems EUSPATANGUS, Agassiz, 1847.

1. Edspatangus patellaeis, d'Archiac & Haime. Plate XII, Figs. 3-5.

A specimen of this beautiful species, unfortunately broken (as is the type) poste-

riorly, is in the collection from the Miocene series of Kachh. It coincides with the

drawing and description given by MM. d'Archiac and Haime [op. cit. p. 217, plate xv,

figs. 6 «, 6 S) ; but there are some points of detail which may be added. The large

tubercles in sunken scrobicules have narrow conical bosses and very small mamelons,

which are perforate and crenulated. The ornamentation is very pronounced, of

different-sized small tubercles mixed without much order. The fasciole is narrow but

distinct, passes over the front along the margin, and is more lateral than peripetalous.

The plastron on the actinal side is broad, and with the ambulacra forms a large portion

of the test ; it is nearly plain in its ornamentation. The anterior margin is slightly

notched, and the furrow is continued over to the mouth.

Locality. Miocene series of Kachh : Wahior stream near Chiropira. Survey-

number C 055 B.

Illustrations of the Species in Plate XII.

Fig. 3. Actinal surface ; natural size.

4. Odd ambulacrum : magnified.

5. Fasciole and ornamentation : magnified.

Amongst the collection from Kachh is a specimen the locality of which is

unknown :

—

Genus SCHIZASTEE.

1. ScHizASTEE Geanti, Buncan 8f Sladen. Plate VI, Figs. 8-12.

The test is oval, broad and rounded in front, the greatest breadth being behind
the antero-lateral ambulacra, and narrow almost to a point behind; it is depressed
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and is very slightly highest on the posterior keel. Length 30 millim., breadth 26-5

millim., height 19-5 millim. The test, rather flat above, slopes gradually to a narrow,

tumid, slightly notched anterior margin ; the low and only slightly convex keel of

• the posterior interradium slopes backwards and overhangs the posterior truncation of

the test ; and the sides are everywhere tumid. The posterior part is roundly truncated

and is reenteringly curved, being concave from above downwards ; the periproct, high

up and large, is visible on an actinal view;. Actinally the test is generally convex, and

especially from side to side over the plastron.

The apical system is excentric and behind the centre, and the peristome is far in

front. The anterior odd ambulacrum is in a deep groove with nearly vertical sides and

about twelve pairs of pores placed at the angle of the floor and wall, and they are

moderately distant. The pores of each pair have a tubercle between them, and are in

the midst of a granular surface, which also covers the floor of the groove. Higher up

on the flanks of the groove tubercles, small and not very close, are seen. In front

the pairs of pores become very rare, the groove widens and almost ends, and there it

is traversed by the fasciole, whose curve is convex anteriorly. Beyond, the groove is

faintly traced to the peristome.

The antero-lateral ambulacra are moderate in length, narrow, in deep grooves,

pointed at the distal end, and curved, convexity forwards and inwards ; they form an

angle of 90°.

The interporiferous areas are narrower than the poriferous zones, which are on the

slope of the sides of the groove. The pairs of pores are distant, separated by broad

low costse, on which is a narrow row of miliaries or a simple ridge. The pores of

the pairs are large, obliquely placed, elliptical, and the outer are the longer ; often a

ridge or rim surrounds a pore. There are about 22 pairs of pores.

The trace of the relics of the other ambulacra shows them to have been rather

wide apart and short.

A well-developed peripetalous fasciole clings to the ambulacra in the lateral

interradia ; it then turns round the antero-lateral ambulacra, barely closing them, so close

are the distal pairs of pores. The fasciole then passes almost directly inwards to reach

the keel of the anterior groove, and passes forwards almost to the ambitus, and then

crosses. A lateral fasciole leaves the peripetalous one, and dips down to reach the

posterior part of the tuberosity at the end of the plastron; and it crosses beneath

the periproct above the tuberosity and below the concave, hollow, and highly orna-

mented infraperiproctal area. The peristome is crescentiform, and the plastron is

large. The areas of the posterior ambulacra on either side of the plastron are

curiously granulated. The ornamentation is generally small, and increases very regularly

in size at the anterior margin, being largest below in front of the peristome. The

tubercles are low, and have a perfect or imperfect raised scrobicular circle. The keels

of the anterior interradia are moderately developed, especially posteriorly.

Locality. Geological position doubtful : in Alrasa, Western Kachh. Survey-

number c— ?
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Illustrations of the Species in Plate VI.

Fig. 8. The test, abactinal view : natural size.

9. The test, actinal view : natural size.

10. Anterior ambulacrum : magnified.

11. Distal end of an antero-lateral ambulacrum : magnified.

12. Tubercles : magnified.

This species is common in Kattywar, in the Miocene series, and is the commonest

Spatangoid in the Gaj series (Miocene) of Sind. It will be noticed amongst the collec-_

tion from those localities.

VII. Bemarks on the Faunas. Nummulitic Species of Kachh.

The variety of the species Arachniopleurus reticulatus, nobis, which was described

and figured in our work on the Fossil Echinoidea of Western Sind, is almost

worthy of being called a new species, were it not evident that all the species of

Temnopleuridse with the raised ribbing of the plates vary in this ornamentation during

growth and individually. The form links together the faunas of the Nummulitic

series of Kachh and Sind, although no other Eanikot species is distinguishable in the

higher horizon of Kachh whence the fossil was derived. Clearly the Eanikot series

of Sind is below th'e main Nummulitic limestone, to which the lowest marine fos-

siliferous Tertiary beds of Kachh belong. The affinities of the genus with Glypho-

cyphus, Dictyopleurus, and the false TemnopleuridsB, or those without true pits*, are

evident, and also with Paradoxechinus, Laube, of the Australian Tertiaries. No other

member of this or of the true Temnopleuroid group is as yet known from the Num-
mulitic series of Kachh.

The species of Clypeaster is at once known by its very open ambulacra and receding

terminal part of the poriferous zones. The needle-pillars are visible at a fractured

spot, and there is no doubt about the genus. It is the earliest example of the genus

in the Indian Nummulitic.

We have enlarged upon the genus Amblypygus in describing the two well-marked

species from Kachh. The position of the anus, the oblique peristome, the intercalated

ambulacral plates, and the double series of pores, which is continued over the margin

to well within the peristome, are generic and characteristic. The modern genus Echi-

noneus is closely allied, and the nature of the interradial plates around the peristome

is the same in both genera, and were it not for the presence of a remarkable
tuberculation, should come under the genus Amblypygus. The Kachh forms do not

resemble those of Sind f, although the alliance is closer than with the species described

by de Loriol from Egypt. The great height in relation to length and the pentagonal
outline are distincti\e and characterize the Kachh form.

* Duncan, " Morphology of TemnopleuridsB," Journ. Linn. Soc, Zool. xvi. p. 343.

t Khirthar series.
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The genus is not found in the Eanikot series of Sind, but in the higher and main

Nummulitic limestone of the Khirthars.

Several species and a variety of the genus Echinolampas are described from the

Nummulitic series of Kachh. The commonest are high, long Conoclypoid-looking

forms, eminently suggestive of Egyptian affinities. The beautiful forms described

by de Loriol from the Nummulitic of Egypt and Lybia, and named by him JEchino-

lampas Fraasi and Osiris, are closely allied to the Kachh species, which, however, do

not appear to have any great affinities with the Echinolampads from Sind. Amongst the

more depressed forms from Kachh one resembles Uchinolmnpas discoideus, d'Archiac,

but it is nevertheless distinct.

Amongst the flat and oval species is Hchinolampas Vicaryi, d'Archiac ; and probably

it was from Kachh that the typical specimen came.

Cotteau's genus Peripneustes is represented in the Nummulitic of Kachh;

and we have noticed the affinities of the genus to Euspatangus and Macropneustes

in the description of the species, which stands rather alone. It gives a Nummulitic

facies to the collection, which is intensified by the presence of two large depressed

Hemiasters, Linthia-like in shape ; they have peripetalous fascicles only.

Another Hemiaster, H. carinatus, nobis, is mimetic of the shape of Schizaster

Baluchistanensis, d'Archiac, but has two generative pores, a peripetalous fascicle only,

and great keels on the anterior and posterior interradia. It is a very marked form.

The Schizaster which has given much trouble to some students of the European

Nummulitic, and which has the not very euphonious name BeloutcMstanensis, d'Archiac

(and which may be spelt Baluchistanensis), is one of the types described by d'Archiac

and Haime from the Hala range—a geographical fallacy, but meaning the hill-country

of Western Sind. The typical specimens were so rolled that no ornamentation could

be seen, and the position of the fascicles is open to doubt. The shape, however, is

peculiar. The great height of the posterior keel adds to the general height of the

hinder part of the test, the ambulacra are very different in size, and there are four

generative pores, the two anterior being on a line with the anterior and antero-lateral

ocular pores. The actinal plastron is rather convex.

A variety is found in Kachh, in the Nummulitic series, but it is not a common

form.

The JEuspatangi of the Nummulitic deposits of Kachh have given much trouble, on

account of their resemblance to Mareti(e. Indeed it appears that the genus which was

the last defined must be absorbed by that which first attracted the notice of Agassiz.

There is no generic distinction between Euspatangus, Agass., and Maretia, Gray,

except in the existence of a peripetalous fascicle in the first named. In some

Euspatangi the fascicle is well developed, in others it is seen with difficulty, and in the

form Euspatangus affinis, Duncan and Sladen, from Kachh, only a vestige exists, about

3 millim. in length. On the ether hand, Maretia planulata has occasionally a partial

fascicle, and a fossil form from Australia has it distinctly. It* is in cur opinion im-

possible to form an intermediate subgenus, and unreasonable to separate forms generically

L
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because of one very variable structural peculiarity, which is not of much physiological

importance.

In the well-known type Euspatangus rostratus, d'Archiac, from Kachh, no

peripetalous fasciole exists ; it has all the characters of a Maretia with a large anterior

notch. But in Sind, as will be noticed in our memoir on the Khirthar series, the

presence of a faint and short fasciole is evident. Hence we call these forms Eu&patangi,

and not Maretioe.

The truly Nummulitic Echinoid fauna of Kachh has no affinities with those of

the Infra-Trap and Eanikot series of Sind ; it is to a considerable extent Egyptian

in its facies, but the species which give the idea of likeness are representative, not

identical.

Only Echinolampas Vicaryi, Schizaster Baluchistanensis, and Euspatangus rostratus

have been previously observed in Indian Tertiaries ; they are species which were described

from Sind by MM. d'Archiac and Haime, and the first two are truly Nummulitic.

Amongst the forms noticed by Grant and described in a very short memoir by

Sowerby, from Kachh*, one called by the latter (but not described) Galerites pulvi-

natus is an Amhlypygus ; another, called Clypeaster, is an Echinolampas, and probably

E. Vicaryi, d'Archiac ; a second Clypeaster, termed varians, but not described, only

figured, is one of the tall forms oilEchinolampas described in this memoir. Sowerby's

Spatangus acwminatus, Goldfuss, is Schizaster Baluchistanensis, d'Archiac.

Memarks on the Forms from the Oligocene Series with Orbitoides.

The number of species is very small, and Clypeaster predominates as a genus.

There are four specimens of different species or varieties of the genus Clypeaster

in the collection of the Geological Society of London, which were noticed by MM.
d'Archiac and Haime and by Grant. Two are considered by the first named authors to

be varieties of Echinanthus profundus, and one is called by them Echinanthus Halaensis.
Capt. Grant and Sowerby appear to have been struck with the elongate form and
deep actinal surface of the fourth form, which, however, is in such a condition that we
do not propose to deal with it. It is necessary, however, to consider the first three
forms, which belong to the genus Clypeaster, Agassiz, and not to that of Echinanthus.

Clypeaster peopuwdus, d'Archiac, sp. {op. cit. p. 207, plate xiii, fig. 14).

In a form called by d'Archiac variety a, the length is greater than the breadth,
79 millim. to 62 millim., the margins are moderately thick but not tumid, and the
slope upwards of the rosette is sHght and to the apex. Irregularly pentagonal, the
margin is sharply rounded in front, incurved to the lateral ambulacra, then straight to
the truncated posterior lateral angle. The hinder margin is thinner than the front
and is slightly incurved.

* Grant, « Geology of Cutch," Trans. Geol. See. ser. ii. vol. v. pt. 2, p. 327.
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The anterior odd petal and the postero-lateral are equal in length, and the latter

is the broader ; the antero-lateral petal is the shortest and narrowest of all, its length

being a little less than the odd one, and its breadth also. The ambulacra are slightly

tumid and are open distally ; the poriferous zones are broadest midway and are rather

pointed towards the ends ; the inner row of pores forms a regular but slight curve, and

there is a slight outward turning at the outer extremity. The interporiferous areas are

twice the breadth of a poriferous zone.

Length of odd and posterior ambulacra 23"5 millim. ; length of lateral petals

20 millim. ; breadth of odd petal 11 millim. ; of lateral 10 millim. ; of posterior

12 millim.

The variety /3 of M. d'Archiac is pentagonal, longer than broad, broadest on a

line with the lateral petals, and narrowest at the truncated posterior angles. The

sides are slightly rounded anteriorly and sharply so quite in front ; they are nearly

straight, passing backwards and rather inwards behind the point of greatest breadth.

The test is thick ; and the slope from the apex is more gradual in front than behind it.

The characteristics of the form are the great size of the poriferous zones in the

outer third of the petals, the curvature of the line of the inner row of pores, the coni-

parative narrowness of the interporiferous areas in relation to the poriferous zones, and

the nearly closed condition of the distal ends of the ambulacra.

Length of test 71 millim. ; breadth of test 51 millim.

Length of odd ambulacrum 21 millim. ; breadth of odd ambulacrum 12*5 millim.

„ lateral „ 16 „ „ lateral „ 11"75 „

„ posterior „ 21 „ „ posterior „ 12*5 „

Interporiferous area 1^ times as broad as the poriferous zone.

The odd and postero-lateral petals are thus equal in size and are larger than the

antero-lateral.

This form is specifically distinct from the variety a.

The third form, Clypeaster Halaensis, d'Archiac, is flat-topped, as is well shown by

MM. d'Archiac and Haime {op. cit. plate xiv) ; it is rather thick anteriorly and

thin behind, pentagonal, longer than broad, broadest slightly in front with straight

sides. The following are the measurements:—Length of test 72"5 millim. (a fracture

prevents the breadth being known).

Length of odd ambulacrum 20 millim. ; breadth of odd ambulacrum 16'5 millim.

,,
lateral ,, — ,, ,, lateral ,, XX ,,

„ posterior „ 20 „ „ posterior „ 12 „

The anterior interporiferous area is 1^ times as broad as the poriferous area,

and the width of the interporiferous area of the postero-lateral is twice that oi

the poriferous zone. The inner line of pores of the anterior ambulacrum is faintly

curved, and that of the posterior considerably so ; and all the poriferous zones nearlj

approach at their distal ends.

L 2
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The fourth species is Clypeaster depressus, Sowerby. This is not a Nummulitic

form, but it characterizes the Oligocene in Sind and the Miocene in Kachh.

The others have not been found as yet in the Lower Tertiaries of Sind or of Kachh.

There are, however, three species oiClypeaster in this division of the Kachh Tertiaries;

they all have very open petals, and are depressed, yet well-sized forms. As a group

they recall, but are specifically distinct from, the series described by Laube from the

Vicentin, which includes Clypeast&r Michelini, C. scutum, and C regulus ("Vicenti-

nische Echinodermen," Denkschr. d. k.-k. Akad. d. Wissensch. Bd. 29, Taf. iii. 1868).

A very fine specimen of an EcUnolampas is in this series, and although only

portions of the test are visible, its swollen, high, and long slope are evident. The

petals, were they on the same level as the test and slightly narrower, would correspond

with those oi EcUnolampas globulus, Laube, and especially with those figured by de

Loriol in his last work on Egyptian and Lybian Echini. Considering how variable a

species this is, and the general resemblance of the Kachh form to figured specimens,

we feel disposed not to diagnose a new species, but to ally our form with that of

Egypt and San Giovanni Ilarione.

Mspatangus rostratus, d'Archiac, is found in the beds with Orbitoides, and the

remarks already made will apply to it ; it is the only species which passes from the

Nummulitic to the Oligocene in Kachh.

Eemarks on the Species of EcUnoidea from the Miocene Series of Kachh.

The Cidaris which is found in the Miocene series of Kachh is that Cidaris

Halaensis which was described by MM. d'Archiac and Haime from the Nummulitic

strata of the mythical Chaine de Hala. It is a well-marked species, and adds to the

number of the Tertiary Cidaridge, with not very depressed tests and moderately broad

and not narrow interporiferous areas, which are decorated with two or three minute

tubercles, one being larger than the others, on each interporiferous plate. The re-

semblance to European Tertiary species is slight ; and the species has only a generic

relationship with the recent Cidaris metularia, Blainv. The small secondary tubercles

on the slope of the coronal plates and beyond the larger ones of the scrobicular circle

are pointed and round in outline and have minute mamelons. The tubercle close

to the poriferous zone in the ambulacrum is about the size of the third grade of coronal

tubercles, and is therefore small for a secondary. A narrow sunken line, without orna-

mentation, is over the vertical sutures in the median interambulacra. Moreover there

are a few milaries, or one or two vertical series of three, between some of the larger

tubercles of the scrobicular circle, which are along the transverse suture between the

vertical series of coronal plates. This apparently unimportant ornamentation links the

species to one which will be noticed from the Miocene of Kattywar.

There is nothing remarkable about the Goniocidaris except that it differs from
the recent species, yet has some points which link these last together. The spines

are moderately large, but it is interesting to know that they are smaller than those

belonging to a later deposit in the Persian Gulf.
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The Coelopleurus is also a form believed to be Nummulitic by d'Archiac and

Haimej and is their species C. Forhesi. The specimen is less weathered than the type

of the species in the collection of the Geological Society ; but when it is compared with

one from the Miocene of Kattywar the results of the weathering and sand-scratching

can be appreciated. A moderately sized tubercle is on each of the generative plates,

yet it is hardly visible in the Kachh specimen, and not at all in the type.

Coelopleurus Forbesi, d'Archiac, is essentially a Miocene form, and is found in great

abundance in the Gaj series of Sind.

The genus Coelopleurus has a considerable range, and is found in the Nari

deposits of Sind, which are Oligocene in age. It occurs also in the Miocene of Sind

and Kattywar ; but the Nari species is not Coelopleurus Forhesi. Coelopleurus equis,

Agass., and C. Pratti, d'Archiac, are the Oligocene species, and C. Forbesi the Miocene

form. Alex. Agassiz has given beautiful representations of the Oriental Coelopleurus

Maillardi in his Eeport on the ' Challenger ' Echini, plate vi ; but our examination

shows that the Miocene form differs considerably in the shape of the apical plates and

in the details of the ambulacra.

We have considered the generic position and structural details of the Temno-

pleuridse which are such characteristic fossils of the Miocene series of Kachh in dealing

with the species. The distinction of the closely allied species of Dictyopleurus of the

Nummulitic series of Sind from the beautiful Temnopleurids of Kachh is explained ; and

it is noticed that, notwithstanding the vigorous onslaught of d'Archiac and Haime
on Edward F or bes's genus Temnechinus, their own species of Temnopleurus must

come under it. Exception may be taken for Temnopleurus tuberculosus, d'Archiac, as

will be explained in noticing the Kattywar Echini, but we do not retain the genus

Opechinus, Desor. The anatomy of the test of Temnopleurus toreumaticus and of the

allied forms of Salmacis has been examined by one of us ; and the nature of a true

species of Temnopleurus has been established. The special structures are not found

in the forms called Temnopleurus Mousseaui, T. costatus, and T. Sookeri by d'Archiac

;

these are varieties of one species, which we refer to T. Bousseaui, but all are Temnechini.

The fact that in some full-grown specimens of Temnechinus Bousseaui there are no fos-

settes in the actinal half and very few elsewhere, is very suggestive. D'Archiac and

Haime were in fault in accrediting their species with a Nummulitic horizon. All have

been found by us in the Miocene of Kachh and Kattywar, and only one specimen came

from the Khirthar of Sind, and its appearance is against its being really found in place.

Alex. Agassiz notices these species of d'Archiac and Haime in his ' Revision of

the Echini,' and came to the same conclusion which we adopt from the consideration

of the data before him in 1872-1874. He writes (p. 289) :—" D'Archiac and Haime
have figured from the Nummulitic formation of India a number of species which are

usually referred either to Temnopleurus or to Opechinus, which belong to this same

genus Temnechinus." We agree with this opinion after an examination of a great many

specimens ; and of course the only error in the statement is due to the mistake of

d'Archiac and Haime in placing the forms in the Nummulitic series.



78 THE TEETIAEY FOSSIL ECHINOIDEA

A great number of small Clypeasters with hollow actinal surfaces, and recalling

Clypeaster scutiformis in the general shape, but differing from that modern type, are

found in the Miocene of Kachh. Sowerby named and delineated them in Grant's

work on Kachh, and they appear to be very common. Larger forms also exist ; but still

none of those are found which are so remarkable in their shape and dimensions and

which characterize more westerly Tertiaries.

Clypeaster Waageni and C. Goirensis are rather closely allied; both have thin

depressed tests more or less pentagonal in outline, and the relation of the length

to the breadth is close, being in the former 1 to 0*82, and latter 1 to 0-88.

Clypeaster Ooirensis is broadest in front, has relatively smaller petals, but they are

decidedly broader than those of C. Waageni, and this is especially noticed in the postero-

lateral petals. The very open nature of the distal extremity of the petals is as decided

as in the Oligocene species of Kachh ; and there is the same disposition on the part of

the last pores of the poriferous zones to open still wider.

The rarity of fossil forms of EcMnodiscus renders the species from Kachh

interesting. It is a true Echinodiscus, departing in no way from the generic type ; the

internal pillars are in existence, and the ambulacral grooves have a raised ridge in their

long axis close to the peristome, which is penetrated at the free nodular end by

two pores. It is closely allied to an Egyptian Miocene form which Fuchs has placed

under AmpMope, a genus no longer recognized.

The Echinolampads from the Miocene of Kachh are numerous in individuals, and

there are four species—two of them being new; and the others are Echinolampas

sphceroidalis, dArchiac, and E. Jacguemonti, d'Archiac, which were said to come from

the Nummulitic series. They do not, however ; but characterize the Miocene series.

The other forms recall the recent species, but differ nevertheless specifically from any

living forms.

The Spatangidse are important in the Kachh Miocene fauna. Euspatangus

patellaris, d'Archiac, is found in great beauty, the ornamentation being remarkably

preserved. It is not a Nummulitic form, and closely resembles Maretia, but it has a

fasciole. The anterior odd ambulacrum has exceedingly minute pores placed in pairs at

the bottom of small spaces surrounded by a beautiful granulation ; and the actinal

plastron is very broad.

The curious genus Moira has a well-marked species in the Miocene of Sind ; and
a careful examination of the morphology shows that it is a very synthetic type, having
some of the characters of both of the living species,

—

Moira stygia from the Eed- Sea,
and M. atrofos from the Caribbean Sea.

The species drawn by us on Plate VII, figs. 9-12, is certainly not a Brissopsis. It

is a Spatangoid with sunken open ambulacra, a peripetalous fasciole which passes
between large sunken tubercles situated in the anterior and lateral, but not in the pos-
terior, interradia, and a well-marked subanal fasciole. The test is tumid above and
below. Neither can this species come within the genus Brissopatagus, which has no
subanal fasciole, although its peripetalous fasciole lies between large sunken tubercles.
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De Loriol, with his usual perspicacity and able discrimination, classified an

anomalous form from the neighbourhood of Thebes as Euspatangus* - Now his

Euspatcmgus Cotteaui has the paired ambulacra lodged in deepish grooves. The petals,

however, are those of the genus ; and the peripetalous fasciole does not enter the area

between the ambulacra ; moreover the form is depressed.

We cannot admit the form now under consideration within Euspatangus, and it

must be included in a genus of Spatangoids which, with great affinities to Euspatangus,

Maretia, and Brissopatagus, is still as distinct as they are.

This new genus Troschelia contains Spatangoids more or less cordiform, tall and

tumid. The anterior ambulacrum is in a groove which notches the ambitus ; the

other ambulacra are in deep grooves, the antero-lateral very divergent. Large tubercles

in sunken scrobicules on the anterior and lateral interradia only. Peripetalous fasciole

separating tubercles and entering the area between the lateral petals. Subanal fasciole

large and well developed.

The Breynia is a fine form ; and the condition of preservation of the specimen

allows the internal fasciole to be seen perfectly. It passes much more in front than

was drawn by MM. d'Archiac and Haime. Moreover it is clear that the inner pores of

the anterior poriferous zone of the antero-lateral ambulacra are distinct but small

;

they do not abort as is the case in the recent species. The number of large tubercles

in the areas constitutes a remarkable feature. The species is not found in the Num-
mulitic as stated by MM. d'Archiac and Haime.

The only ScMzaster from Kachh which was sent by the Geological Survey is

remarkable for its great beauty of ornamentation, the outward turn of the narrow

pointed anterior petals, the rather depressed shape, the swollen condition anteriorly,

and the narrow pointed hinder end. It came from an unknown locality ; and this is

to be regretted, for although the form is clearly of Miocene age in Kattywar, it is

found in the Nari series of Sind, part of which at least is Oligocene.

The Miocene fauna of Echinoidea is especially characterized by the genera

Ccelopleurus, Temnechinus, Clypeaster, Echinodiscus, Echinolampas, Breynia, and Moira.

There are no species, however, which so closely approach recent forms as to be difficult

of discrimination. No less than six species which have hitherto been termed Nummu-
litic, and which were described by d'Archiac and Haime, now evidently belong to

the Miocene of India and not to a lower horizon.

This Miocene horizon is not a high one, and is the equivalent of the Gaj deposits

of Sind. It is not covered by Pliocene marine deposits ; but there are Pliocene deposits

with an Echinoidean fauna which constitute the Makran series of Ras Malan in

Baluchistan and of Bushir &c. in the Persian Gulf. The Echinoidea of these Tertiary

deposits differ.

The alliance of the Miocene fauna of Kachh with that of Europe is only generic,

but the facies is remarkably persistent in the east and west.

* Op. cit. p. 140 (84).
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VIII. Description of the Fossil Echinoideafrom the TeHiaries of Kattywar.

(Miocene.)

Order ECHINOIDEA ENDOCYCLICA.

Family CIBARIBM

Genus CIDARIS, Klein, 1734.

1 ; CiDAEis DEPRESSA, Duncan & Sladen. Plate XIII, Figs. 1-3.

The test is very depressed and broad, the peristome is small, and the ambulacra

sinuous and broad.

The poriferous zone is much broader than the interporiferous area ; the pores are

separated by a raised ridge, but the pairs have only the sutural line between them. A
vertical row of small secondaries is on each side in the interporiferous area, just beyond

the poriferous zone. A minute tubercle is also found .close to each one of the vertical

series. There is thus a large and small tubercle to each plate. The interradial plates

are broader than long ; the tubercle occupies much of the surface, and is nearer the

poriferous edge than the median line ; the boss is low, with a depressed small-necked

mamelon. There is no crenulation, but the mamelon is perforate. There is a row of

well separated small secondaries around the scrobicular area, and two rows of smaller

ones nearer the median line. Actinally and abactinally there is only the solitary row,

which is sometimes incomplete ; and a row of very small tubercles is between those of

the scrobicular circle and the poriferous zone.

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east of
TT

1

Gurgat. Survey-number -^

.

Illustrations of the Species in Plate XIII.

Fig. 1. The test : natural size.

2. Two ambulacral plates : magnified.

3. Diagram of a section of an ambulacral plate.

2. CiDAEis GT5A2JULATA, Duncan & Sladen. Plate XIII, Figs. 4-6.

The test is broad and depressed. The ambulacra, moderately wavy, are broad,
especially in the interporiferous area ; the pores are separated by a raised ridge, and
there is a raised narrow linear ridge between the pairs. A small tubercle is close to

the inner pore, and towards the median line there are two others, the inner being the
smallest. There are thus six vertical rows of tubercles in the interporiferous area.

There are ten pairs of pores in relation to one side of an interradial coronal plate. The
larger interradial plates are broader than long, well defined by the sutures ; and the large
and broader than long boss occupies the greater part of the plate, and is placed rather
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on the outer half, so that there is more space towards the median line beyond it than

near the poriferous zone. The boss slopes upwards with a slightly re-entering outline

from the base to the broad top. This is grooved around the neck of the rather small

depressed mamelon, and is faintly crenulated oil one side in most instances. The ma-

melon is perforated. At the edge of the scrobicular circle are some radiating depressions,

shallow and broad, and they end in a radial row of about three granules, which are

between the principal secondaries of the circle. These secondaries are small, rather wide

apartjlargest on the equatorial parts of the plate, and smallest abactinally and actinally

;

they have a mamelon, which is elongate, its long axis being towards the boss.

Actinally and abactinally each plate has a single row of these secondaries, separated

by the intervening rows of granules.

Towards the media,n line there is a row of smaller tubercles alternating with the

larger, and still further there are two other rows of smaller and distant tubercles, the

last being almoet miliary in size. Between the scrobicular circle of tubercles and the

poriferous zone there is one row of smaller secondaries and some granules.

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east
XT

1

of Gurgat. Survey-number -^,

Illustrations of the Species in Plate XIII.

Fig. 4. The test : natural size.

5. The ambulacrum, in part: magnified.

6. A coronal interradial plate : magnified.

Family ARBACIAByE.

Genus CCELOPLEUEUS, Agassiz, 1840.

1. CcELOPLEUEUS FoEBESi, d'ArcMac & Haime.

This species has been already noticed in the description of the Miocene Echinoidea

of Kachh, page 53.

Family GLYPHOSTOMATA.

A very remarkable form occurs in the Miocene of Kattywar ; although its

shape and structural details are exceedingly suggestive of several well-known genera,

it cannot enter any one of thdm. At first sight the resemblance of the Kattywar

specimen to the actinal surface of Micropsis Fraasii, de Loriol (' Echinides contenus

dans les couches Nummulitiques de I'Egypte,' plate 1, fig. 17), is extraordinary ; but

in the later form from Kattywar the tubercles are neither crenulated nor perforate, and

the pores are decidedly in triplets. It reminds the observer of the genus Polycyphus

;

but the multiplication of the pores around the peristome seen in this genus does not

exist in the new form, whose peristomial lips are not very narrow. There is a resemblance

to species of Stomechinus, especially in some points to Stomechinus Greslyi and S. Miche-

M
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lini (de Loriol, Pal. Suisse: ' Descr. des Oursins fossiles de la Suisse'). But here,

again, the sharp projecting ambulacral lip is not seen in the Miocene form.

There is a furrowing of the horizontal suture-edges of the interradial plates, which

recalls the Temnopleuridee, but no pits or deep furrows are to be seen ;
and the like

ness is increased by the nature of- the triplets, which resemble those of Salmacis. We
include the form in a new genus.

Suifamily TBIPLECHINID^, A. Agassie.

Gems GRAMMECHINUS* gen. nov.

The test is thin, rather depressed, swollen at the ambitus, flat or incurved actinally,

low and conical abactinally. Marginal outline slightly pentagonal or nearly circular.

.Ambulacra with pairs of pores in regular triplets from apex to peristome ; pla,tes with

from one to three tubercles on them. Interambulacral plates broad and low, carrying

from one to eight tubercles, the number diminishing towards the apex. Tubercles of

both series neither perforate nor crenulate, small ; secondaries in lines above and below

the primaries, forming ridges, with the depressed horizontal sutural line between the

two series. Vertical ridges of small tubercles, more or less linear in shape, may be in

relation with the largest tubercles. Actinostome moderately large, rather pentagonal ;

cuts moderately developed ; ends of ambulacra moderately wide.
.

(Apical system

wanting.)

1. GRAMMECHINUS KEGULARis, Bwncan & Sladen. Plate XIII, Figs. 7, 8.

The test is circular or slightly pentagonal in marginal outline, tumid at the ambitus,

conical and rather depressed abactinally, slightly incurved actinally around the rather

large peristome, which is rather pentagonal in outline. The ambulacra are broad, and

at the ambitus are one half the breadth of the interradium ; more abactinally the

ambulacrum is two thirds the width of the interambulacra, and nearer the peristome the

relative breadth becomes rapidly less. The ambulacral plates are tall in relation to

their breadth near the peristome, and carry at first one and then, more abactinally, two
tubercles. At the point of greatest breadth the plates are broader in relation to height
and carry three tubercles. Each plate has three pairs of pores, forming a curved line.

The pores are large and separated by a projection ; and the pairs, also well separated,

have a granular, or plainly linear, raised structure between them. Immediately
actinally to the second pair of the triplets is a small tubercle, and there is a smaller one
on a line with and externally to the first pair. The tubercles of the ambulacra are broad
at their base and have a distinct mamelon, which is neither perforate nor crenulate.
The tubercle nearest the pores is the largest, and is crossed by the sutural lines of the
poriferous plates. The remaining tubercles are larger than those immediately beyond
the line of pores, and all have a mamelon.

* ypaix/xri, a line.
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A small tuberculation is above and below the larger tubercles on the plates;

it is distinct, unequal, and in lines parallel with the abactinal and actinal sutures, which

are grooved, as it were, by the lines of raised ornamentation becoming abrupt over them.

There is often a very small tubercle between the larger innermost two on the plate

;

and near the actinal surface, where there are only two tubercles, a line of small

tubercles is parallel with the median suture. This tuberculation, surrounding the

larger tubercles on three sides, is unequal.

The interradial plates are very broad in relation to their vertical measurement, and

are all characterized by having a row of tubercles along the central line of the breadth,

increasing in number from three near the cuts to seven or eight at the ambitus. The

tubercles have circular bases standing above the level of the plate, supporting smaller

conical bosses, and well-developed, nearly hemispherical mamelons, which are imperforate.

There is no crenulation. The fourth tubercle from the ambulacral side is the largest,

and the three nearest the median line are the furthest apart.

The actinal and abactinal sutures are grooved, and there is a raised minute orna-

mentation on the plate immediately above and below the grooving. This ornamenta-

tion is of one, two, or three rows, in different parts, of small tubercles, some circular

and others elongate vertically in outline. The tubercles, of different sizes as well as of

shapes, project ; and some in relation to the largest tubercle, and those on either side of

it, assume quite a vertical linear form, most readily seen when the light crosses the ver-

tical line of the plate at right angles. Actinally, and where the number of the tubercles

is less, there is often some deviation fi-om the horizontal line so well kept at the ambitus

:

moreover there are small tubercles along the line of the median suture, which presents

a feeble furrow.

It is evident that the furrowing of all the sutures is produced by the ornamen-

tation, which is highest close to them, and slopes inwards towards the centre of the

plate.

The peristomial cuts are well developed, have a raised border, and enter well into

the second interradial plate.

Measurement from peristome to extreme bulge 17 millim. ; breadth of the peri-

stome 14 millim. ; extreme breadth of test 48 millim. ; probable height 40 millim.

Locality. Kattywar Miocene. Half a mile east of Lowarali, Oka Mandol. Survey-

number -^.

Illustrations of the Species in Plate XIII.

Fig. 7. The imbedded test : natural size.

8. Ambulacral and interradial plates : magnified.

Subfamily TEMNOPLEUBIDj^, Desor.

This subfamily is largely represented in species and individuals in the Miocene of

Kattywar. The genus is, however, Temnechinus, Forbes, = Temnojoleurus, d'Archiac

;

and in only two specimens have we found crenulation, and then in one or two tubercles

m2
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only. These we have figured on Plate XIII, Figs. 15 & 16 ; and it will be noticed that

it is the largest tubercles which are creiiulated. We do not therefore feel disposed to

depart from our determination that these forms are true TemnecMni.

It is satisfactory to find a resting-place in classification as well as in geological dis-

tribution for the so-called Nummulitic Temnopleurids of MM. d'Archiac and Haime.

Without exception, all the species which we can recognize as good for anything, viz.

Temnechinus Bousseaui, T. costatus, and T. tuberculosus of d'Archiac and Haime,

come from Miocene strata.

Genus TEMNECHINUS, Farhes, 1852.

1. Temnechinus costatus, d'Archiac, sp. Plate XIII, Figs. 9, 10.

This species, with shorter costulate processes in the ambulacra than is the case in

Temnechmus affinis, nobis, has taller ornamented interambulacral plates, which do not

cross their area as narrow bands, but break up along the median line into short

processes, which join the other plate obliquely, and have fossettes above and below them.

Hence there is a kind of close confused series of fossettes and processes in the median

line. The true shape of the species is tall and tumid, diminishing apically and

towards the ambitus.

Locality. Kattywar Miocene. Three miles east by north of Gaga. Survey-

number -^•
26

Illustrations of the Species in Plate XIII.

Fig. 9. The test : natural size.

10. A portion : magnified.

The type was described by d'Archiac and Haime (op. cit. p. 204, plate xiii,

figs. 9, a. b), and they lay great stress upon the two vertical series of large tubercles iu

both series being on a subcostiform projection. This is not invariable. Again, they

notice with greater truth the small fossettes of the interambulacral median line, which
are represented in our Figure 10, Plate XIII.

2. Temnechinus Eousseaui, d'Archiac, sp. Plate XIII, Figs. 13, 14, 15.

Several specimens of this species are in the Kattywar collection, but one is almost
a variety. It is tall, and the fossettes are very large and deep ; but the interambulacral
plates are low from above downwards in their ornamentation, and the ambulacral
ornamentation resembles that of our figure, Plate XIII, Fig. 10, but with larger
fossettes.

Locality. Kattywar Miocene. Three miles east by north of Gaga and south-east of

Gurgat. Survey-number
HI
26

•

Illustration of the Species in Plate XIII.

Fig. 13. Diagram of a section: natural size.
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From the same locality are some specimens of more depressed types of this species,

and their breadth is unusual. It appears to be produced by an extra breadth of the

interambulacral plates at the ambitus, and there is an extra small tubercle to the orna-

mental part of the plate, and usually a corresponding vertical ridge ; but higher up in

the test the plates resemble those of the normal type.

It is evident that some, but not all, of the tubercles are crenulated.

Illustrations of the Species in Plate XIII.

Fig. 14. The test : natural size.

15. A plate near the ambitus: magnified.

We restrict this form veithin the limits of Temnechinus, and do not see the neces-

sity of admitting the genus Opechinus, Desor.

3, Temnechinus tuberculosus, d'Archiac & Haime, sp. Plate XIII, Figs. 16, 17.

This species was well described in ' Les Animaux fossiles de I'lnde,' p. 206, and

figured ; but the specimen we have is not much crushed, and it is clear that the shape

of the test is turban-shaped, swollen at the margin and above it, and then tapering off

to a rather flat top. It is not pentagonal.

The specific distinction is the presence of vertical processes which divide the ambu-

lacral fossettes into two. The interambulacral plates resemble those of the large plates

of the largest Temnechinus Bousseaui, d'Archiac, sp. (See our Plate XIII, Fig. 15.)

Another distinction is the tumid body of the generative plates and their angular

extremity, which is perforated by a large pore. It is clear that some, but not all, of

the tubercles are excessively finely crenulate, as is the case in the exceptional plate of

the Temnechinus, fig. 15.

Height 12-5 millim., breadth 19-5 millim.

Locality. Kattywar Miocene. Three miles east by north of Gaga and south-

east of Gurgat. Survey-number ^•

Illustrations of the Species in Plate XIII.

Fig. 16. Part of an interambulacrum and ambulacrum : magnified.

17. Diagrammatic section: natural size.

A new species must be added to this list from Kattywar ; and as it allies Tem-

nechinus costatus, d'Archiac, to Temnechinus tuberculosus, d'Archiac, we have called it

Temnechinus affinis. It has slender oblique ridges, with large open fossettes in the

ambulacra, and the slender oblique costulation of the interradial plates is united by

vertical processes. In T. costatus the ambulacral ridges are stouter, and they are

stouter still in T. tuberculosus : in the first the fossettes are large and open, and in the

latter they are small and crossed by a vertical process.
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In T. costatus the interradia closely resemble those of T. tuherculosus. The true

shape of T. costatus is high, that of T. tuherculosus is broader and more depressed, and

that of T. ajffmis, nobis, is still more depressed.

4. Temnbchinds affinis, Duncan & Sladen. Plate XIII, Figs. 11, 12.

The test is turban-shaped, broader than high, rather flat actinally, tumid at the am-

bitus, and less so in the more conical upper part, and depressed abactinally. Test symme-

trical
;
peristome very small, and cuts small. Apical system small. At the ambitus the

width of an ambulacrum is very nearly equal to that of an interradium. Poriferous zone

broad, slightly sunken : pairs of pores in triplets, but in simple succession ; each pair is

placed on the lovper slope of a narrow costulate process ; the upper pair of each triplet has

its costulate process continuous with the ambulacral plate, on which is a small tubercle,

and the other two are in relation with the small primary tubercle, which is on the two

lower plates in the interporiferous area. There is a vertical row of small primary

tubercles on each side of the interporiferous area near the poriferous zone. Each of

these small primaries is connected with the smaller tubercle above the primary in the

lower plate by a narrow process. Eib-like processes cross the interporiferous space

from the small primaries and smaller tubercles of one vertical series to the other ; their

direction is oblique and in zigzag, and they are narrow from above downwards, granular

or minutely tuberculated, and usually the largest of their tubercles is near the primary

whence they originate. This raised ribbing produces broad and rather low (that is,

vertically) fossettes, and their shape is that of a broad straight comma. There is a

vertical row of these fossettes on either side of the median line of the ambulacrum. In

the interambulacra there are two vertical rows of small primaries, which are slightly

larger than those of the ambulacra; they are nearer the poriferous zone than the

median line, are wide apart at the ambulacrum, and the raised surface on which each

tubercle of a series rests is connected with that of the tubercle above and below by a

constricted process.

Long and rather narrow zigzag ribs pass from near the primaries across the median
line to those of the adjoining plates, and smaller costse join on to those of the poriferous

zone on the other side of the primary tubercle. Small vertical costulate processes pass
from the actinal edge of one zigzag to the abactinal edge of the one below, and thus
interfere with the continuity of the very long transverse fossettes. Usually there are
two of these processes in each fossette between the two rows of primaries, and there is

one on the other side of the primary and between it and the poriferous zone in a
well-marked fossette there. So that, including the large vertical processes between the
tubercles of each vertical series, there are eight vertical raised lines, more or less costulate
and ornamented, in each interradium. Nearer the abactinal surface the breadth of the
fossettes diminishes, and one of the smaller vertical series is not seen ; and quite close
to the apex there is only the main vertical series of each side, which connects the
primaries above with the one placed actinally to it. The result of the presence of
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these vertical processes is to subdivide the fossettes into several others. On either

side, and actinally to the primary and its process, is a well-marked small fossette?

usually more or less oval or elliptical in outline and taller than broad. Nearer the

median line is another fossette of nearly the same size and shape ; and still nearer the

angle of the diverging costse is a more or less concave-shaped one. Even this may be

subdivided. On the poriferous side of the primary, and between the extremity of the

second and third pairs and the vertical costulate process which exists between the

ambulacrum and the vertical line of the primaries, is a fossette.; it is broad towards the

primary and narrow towards the pores. Hence there are two fossettes between the

primary and the poriferous zone, and three or four fossettes in a row between the

transverse oblique or zigzag ribs which stretch across the interambulacral areas.

Abactinally the number of fossettes diminishes and actinally also.

The minor ornamentation of the plates on either side of the primaries and of the

ribs is very elegant, and consists of small mammillated tubercles and distinct miliaries.

Usually there is a small tubercle second to the primary in size on either side of it, and

beyond that which is in relation to the arch of miliaries abactinal to the primary.

Tubercles may be on either side of the root of the vertical processes or upon it. The

tubercles are imperforate and non-crenulate.

Locality. Kattywar Miocene series. Three miles east by north of Gaga and

south-east of Gurgat. Survey-number ^.

Illustrations of the Species in Plate XIII.

Fig. 11. The test, side view: natural size.

12. Part of an ambulacrum and interradium : magnified.

Order ECHINOIDEA EXOCYCLICA.

Family 8PATANQIB^.

Suhfamihj SPATANGINJE.

Genus EUSPATANGUS, Agassiz, 1847.

Eupatagus, Agassiz, 1847.

1. EUSPATAJSTGUS PATELLAKIS, d'Ai^cMaC.

This species is found in Kattywar ; and our specimens show the fasciole very dis-

tinctly, externally to the posterior ambulacra. It crosses the posterior interradium

considerably in the rear of the line of the distal end of the ambulacra.

The anterior poriferous zone of the antero-lateral ambulacra has its pores visible.
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but very small near the apical system. The pores of the odd ambulacrum are also

visible.

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east

of Gurgat. Survey-number ^.

Genus SCHIZASTER, Agassiz, 1836.

1. SCHIZASTEE GeANTI, VloMs.

This is the commonest fossil in the collection from Kattywar, and some of the

specimens are larger than the type from Kachh (page 70). The specific characters

are, hov^ever, well maintained ; and it is noticed that even in the largest specimens

the keel on the posterior interradium is low, and that it slopes backwards and down-

wards to the point which overhangs the periproct. The anterior groove is broad and

deep abactinally, and is shallower and less evident in front of the curved fasciole.

The anterior ambulacral pores are separated by a nodule, and they are on the flanks

of the groove. The pairs of pores have a more or less definite swelling like an indefinite

costa between them ; and the floor and sides of the groove are very granular, the larger

tubercles being near the top of the keel on eitlier side.

The antero-lateral ambulacra flare outwards, are in deepish grooves, and become

more or less pointed distally. The obliquity of the pores is not so evident as in the

Kachh species, but the granulation of the costse is evident.

qp.q,q,o ofi^i

The apical system, magnified.

The apical system has four generative plates and four pores; the anterior plateS

are rather long in the antero-posterior direction, and include the small anterior ocular
plate in their angle. The posterior lateral plates are large ; their pores are larger than
the others and wider apart. The ocular plates are in the angles of the plates and are
well developed; the posterior pair are separated by the madreporic extension.

The whole apical system is small ; the anterior genital pores are on the anterior
keels, and the others on the narrow keel of the lateral ambulacra, which is sparely
tuberculate.

The posterior ambulacra are stout, sharp at the end, shallow, and there are about
17-19 pairs of pores.
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The peripetalous fascicle resembles that of the type, and is very distinct ; it is

narrow where it passes over the keel, behind the posterior ambulacra. The subanal

branch passes rather close beneath the oval elliptical anus, which is considerably

sunken in consequence of the projection of the keel backwards and of the similar

direction of the termination of the actinal plastron. The anus is visible from the

actinal surface.

Finally, the projecting actinal plastron, bounded by the peculiarly granulated

shagreened posterior ambulacra, is as definite as in the type. The posterior lip has a

very decided fold in well-preserved specimens.

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east of

Gurgat. Survey-number ^J.

The fascicles on the posterior part of the test. The omamentation of the plastron.

Genus BEISSOPSIS, Agasdz, 1840.

1. Bkissopsis, sp. ?

A much crushed specimen of an Echinoderm is in the collection from Kattywar

;

and its generic determination is so full of difiiculties that we place it with some doubt

under the genus Brissopsis : it is not Brissopsis scutiformis, d'Archiac & Haime*,

which is a Metalia of the Nummulitic of Sind.

In the specimen under consideration the posterior petals are close, especially near

the apex, and their curve is concave forwards and outwards ; they are petaloid, very

widely displayed and shallow, closed at the end, with exceedingly narrow interporiferous

and broad poriferous zones, the pores of each pair being very far apart.

The antero-lateral ambulacra are wide apart, but not nearly transverse, are shorter

than the posterior, and are in deep grooves, the pores being on the flanks. The inter-

poriferous area is rather broader than that of the posterior ambulacra, and yet not so

wide as the space between the pores of a pair. All the pairs are separated by well-

developed costse. The odd ambulacrum is in a deep groove, and the pores are small

and wide apart; the groove notches the margin. There are traces of a fasciole

* Op. cit. plate xv, figs. 5 a and 5 b.





OF KACHH AND KATTYWAE. 91

The absence of Echinolampince from the collection is remarkable. Euspatangus

patellaris, d'Archiac, is found in Kattywar as well as in the Kachh Miocene.

The commonest fossil in Kattywar is Schizaster Granti, nobis, which had no

satisfactory geological horizon given to it in Kachh. Schizaster Granti, nobis, is a

beautiful form, with sharp-pointed antero-lateral petals flaring outwards and a low keel

on the posterior interradium ; it has a transverse concavity posteriorly, so that the test

above the periproct projects backwards and the hinder part of the plastron also. The

periproct is visible from the actinal view, although it is high up posteriorly. The

granular ornamentation of the posterolateral ambulacra on either side of the actinal

plastron is very characteristic. The species is very distinct, and yet it has been

mistaken for Schizaster Baluchistanensis. It is the common Schizaster of the Miocene

of Western India.

APPENDIX.

The following species was accidentally omitted from the Nummulitic fauna of

Kachh. It is interesting on account of its alliance with a Sindian Nummulitic form.

Genus SISMONDIA, Lesor, 1857.

1. SiSMONDiA POLYMOEPHA, var. SUFFLATA, Duncan & Sladen.

This form constitutes a well-marked variety of a species we are about to describe

from the Khirthar series of strata in Sind. It is characterized by a generally much
smaller habit, by a comparatively thicker margin, and especially by the low, but

decided, convexity of the abactinal surface. The same great variability in the marginal

contour is noticed, although the more elongate and less angular forms appear to prevail.

The characteristic tumidity of the postero-lateral petals is also present, • The petals

terminate at a greater distance from the margin than in the type form, and are very

short for the genus.

The length of one of the largest specimens is 7-5 millim., and the breadth 6-5

millim.

Locality. From the Nummulitic series of strata of Kachh. Three or four miles

north-north-east of Pipur. Survey-number C 039.







PLATE I.

{Nummulitic Series.)

Figure 1. Echinolampas alta, Duncan and Sladen (page 19). Side view, natural size.

3. Actinal view, natural size.

3. Apical systenij magnified twice.

4. Peristome, magnified.

5. End of antero-lateral ambulacrum, magnified.

6. Ornamentation of an ambulacrum, magnified.

7. Variety (page 22) . Actinal surface, natural size.

8. Echinolampas Fbddeni, Duncan and Sladen (page 33). Side view, natural size.

9. Abactinal view, natural size.

10. Ambulacrum, part of, magnified.

11. A postero-lateral ambulacrum, magnified.
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PLATE II.

[Nummulitic Series.)

Figure 1. Echinolampas Kachensis, Diincan and Sladen (page 35). The test seen from the

side, natural size.

2. Abactinal view, natural size.

3. Actinal view, natural size.

4. The end of an ambulacrum, magnified.

5. Echinolampas, species (page 50). Abactinal view, natural size. {Oligocene

6. Echinolampas Haimei, Duncan and Sladen (page 26). Abactinal view, natural

size.

7. Actinal view, natural size.

8. Part of phyllode, magnified.

9. Echinolampas Dambsi, Duncan and Sladen (page 27) . Abactinal view, natural

size.

10. Ornamentation, magnified.
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PLATE III.

{Nummulitic Series.)

Yigxae 1. Echinolampas Damesi, Duncan and Sladen (page 27).

•2. Echinolampas Feddeni, Duncan and Sladen (page 23).

3. Echinolampas insignis, Duncan and Sladen (page 29).

4. A side view.

5. Actinal view.

6. Part of an ambulacrum, magnified.

7. Echinolampas, sp. (page 32).

Actinal surface.

Actinal view.

Abactinal view.
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PLATE IV.

[Nummulitic Series.)

Pigure 1. Amblypygus altus, Duncan and Sladen (page 16). A large specimen, side view,

natural size.

2. The same, abactinal view, natural size.

3. The same, actinal view, natural size.

4. Amblypygus pbntagonalis, Duncan and Sladen (page 18). The test, side view,

natural size.

5. Abactinal view of the same, natural size.

6. Peristomial region of a specimen, natural size.

7. Marginal ornamentation, magnified.

8. Ornamentation near the apex, seen obliquely, magnified.^'

9. Poriferous zone and interporiferous area, magnified.

10. Poriferous zone and part of interporiferous area of an ambulacrum near the margin,

magnified.

11. The apical system, magnified.
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PLATE V.

Figure 1. Peripnetjstes insignis, Duncan and Sladen (page 42). The test, side view.

2. Abactinal view.

3. Apical system, magnified.

4. A part of a posterior ambulacrum and fasciole, magnified.

5. ScHizASTER Baluchistanensis, variety (page 38). Abactinal view.

'6. Side view.

7. Actinal view.

8. Apical system and ambulacra, magnified.

9. Large specimen (page 41), with the posterior keel worn off.



GtvL. Survev of Induv. Plate V.

-'^

ff

.can k Sladen dir A Gawan liLh

Fossil EchiTwidea from Ketch.
'NvjraTru.Lh.-bj: Sa-u£

Wiritem.Bi-os imp







PLATE VI.

{Nummulitic and Miocene Series.)

Pigure 1. Hbmiaster, sp. (page 35).

2. Actinal ornamentation, magnified.

3. Hemiastek decipiens, Duncan and Sladen (page 34). Abactinal view.

4. Distal end of antero-lateral ambulacrum^ magnified.

5. Part of anterior odd ambulacrum^ magnified.

6. Clypeastbk apertus, Duncan and Sladen (page 11). Abactinal surface.

7. Its ornamentation, magnified.

8. ScHizASTER GrantIj Duncan and Sladen (page 70). Abactinal view.

9. Actinal view.

10. Antprior ambulacral pores, magnified.

11. End of antero-lateral ambulacrum and fasciole, magnified.

12. Tubercles, magnified.
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PLATE VII.

{Oligocene and Miocene Series.)

Figure 1. Euspatangus eostratus, d'Archiac and Haime (page 47). Abactinal view,

2. Actinal view.

3. Posterior view.

4. The apical system, magnified.

5. A large tubercle, magnified.

6. Part of a poriferous zone, magnified.

7. A linear longitudinal section.

8. A less excised variety.

9. Troschelia tuberculata, Duncan and Sladen (page 67). Abactinal view.

10. Actinal view.

11. Ornamentation of odd ambulacrum, magnified.

12. A tubercle, magnified.
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PLATE VIII.

{Miocene Series.)

Figure 1. Moira antiqua, Duncan and Sladen (page 64). The test^ side view

2. Posterior view, natural size.

3. Abactinal view, natural size.

4. Abactinal view, natural size.

5. Actinal view.

6. Actinal outline of a small specimen.

7. CiDABis Halaensis, d'Archiac and Haime (page 51),

8. Part of an ambulacrum, magnified.

9. Goniocidaris affinis, Duncan and Sladen (page 52)

10

Part of the test, natural size.

Part of the test, natural size.

to

14.

Spines, natural size, of unknown, species (page 53)

.
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PLATE IX.

{Miocene Series.)

Figure 1. Echinolampas Indiga, Duncan and Sladen (page 6J). Abactinal view.

2. Side view.

3. Actinal view.

8. A variety.

9. A variety.

4. A specimen with narrower petals. Side view.

5. Atactinal view.

6. Apical system, magnified.

7. Actinal system, magnified.

10. Part of a phyllode, magnified.

11. Echinolampas Wynnei, Duncan and Sladen (page 63). Abactinal view.

12. Actinal view.
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PLATE X.

(Miocene Series.)

Figure 1. Breynia carinata, d'Archiac and Haime (page 66). Abactinal surface.

3. Posterior view, slightly magnified.

3. Abactinal view of a large specimen.

4. Apical system, magnified.

5. Clypeaster depressus, Sowerby (page 58). Abactinal view.

6. Poriferous zone, magnified.

7. Actinal view.

8. Longitudinal section.

9. Large specimen, showing needle-pillars between the roof and base of the test.
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PLATE XI.

{Nummulitic and Miocene Series.)

Figure I.'Hemiaster carinatus, Duncan and Sladen (page 35). The test, from the side.

2. Abactinal view.

3. Actinal view.

4. Tubercle on actinal surface, magnified.

5. TiioscHELiA TUBERCULATA, Buncan and Sladen (page 67). Part of the apical system^

showing the diminished size of the pairs of pores, magnified

.

6. Arachniopleurus retictjlatus, Duncan and Sladen, variety (page 11). Part of

an interambulacrum and poriferous zone, magnified. {Nummulitic form.)

7. Temnechinus Rousseaui, d'Archiac and Haime, sp. (page 57) . The test, natural size.

8. Apical system, magnified.

9. Part of an interradium and a poriferous zone, magnified.

10. Part of an ambulacrum (worn), magnified.

11. Part of a perfect ambulacrum, magnified.
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PLATE XII.

[Oligocene and Miocene Series.)

Figure 1. Ccelopleurtjs Forbesi, d'Archiac (page 53). Apical system, magnified.

2. EusPATANGUs AFFiNis, Duncan and Sladen (page 46). Abactinal view.

3. EuspATANGTJs PATELLARiSj d^Archiac (page 70). Actinal view.

4. Odd ambulacnim, magnified.

5. Fasciole, magnified.

6. EcHiNOLAMPAs sPHiEROiDALis, d'Archiac (page 64). Abactinal view.

7. EcHiNODiscus DesorIj Duncan and Sladen (page 60). Abactinal view.

8. Actinal view.

9. Lunule, magnified,

10. Peristomej part of, magnified.

11. Clypeasteb Sowerbyi, Duncan and Sladen (page 49). Abactinal view.

I'i. Carteri, Duncan and Sladen (page 49). Abactinal view.

13. Waageni, Duncan and Sladen (page 58). , Abactinal view.

14- GoiRENSis, Duncan and Sladen (page 59). Abactinal view.

15. -

—

- Faloriensis, Duncan and Sladen (page 50). Abactinal view.

16. Goirensis, Duncan and Sladen (page 59). End of petal, magnified.
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PLATE XIII.

{Miocene of Kattywar.)

Figure 1. Cidaris depbessa, Duncan and Sladen (page 80). The test, natural size.

2. Ambulacral plates, magnified.

3. Diagram across an ambulacral plate.

4. Cidaris granulata, Duncan and Sladen (page 80). The test, natural size.

5. Ambulacral plates, magnified.

6. A coronal interradial plate, showing the radial granulation and the markings on

the boss and partial crenulation,

7. Grammechinus regularis, Duncan and Sladen (page 82). The actinal A'iew,

natural size.

8. Ambulacral and coronal plates, magnified.

9. Temnechinus costatus, d'Archiac, sp. (page 84). A large specimen, side view.

10. An ambulacrum and part of an interradium, magnified.

11. Temnechinus apfjnis, Duncan and Sladen (page 86). The test, natural size.

15. An ambulacrum and part of an interradium, magnified.

13. Temnechinus Rousseaxji, d'Archiac (page 84). A large specimen, diagram of side

outline.

14. A depressed type, side view.

15. An interradial plate, showing unusual tuberculation and crenulation.

16. Temnechinus tubbrculosus, d'Archiac (page 85). Ambulacrum and part of
interradium, magnified.

17. Diagram of shape, natural size.
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Vol. II. The Gtastropoda, by P. Stoliczka, pp. xiii, 500, pis. 28 (10 parts).

Vol. III. The Pelecypoda, by P. Stoliczka, pp. xxii, 537, pis. 50 (13 parts).

Vol. IV. The Brachiopoda, Ciliopoda, Bchinodermata, Corals, &o., by P. StoliczkAj_ pp. v, 202, pis. 29 (5 parts). The
Brachiopoda, pp. ii, 32, pis ~ .._..- —
Corals, &o., pp. 70, pis. 12.

Brachiopoda, pp. ii, '62, pla. 7. The Ciliopoda, pp. ii, 34i pis. 3. The Ediinodermata, pp. i, 59, pis. 7. The

THE FOSSIL FLOBA OF THE UPPER GONDWANAS.
(Sebies II, XI.)

Vol, I. The Fossil Flora of the Eijmahal Series.

„ pt. 1 (in six faacinvdi), by T. Oldham and J. Moeeis, pp. 52, pis. 35.

„ „ 2, by O, Peistmamtbl, pp. 53-162, pis. 36-48.

„ „ 3. Plants from Golapilli, by O. Feistmantbl, pp. 163-190, pis. 8.

„ „ 4. Outliers on the Miadras Coast, by O. Feistmantbl, pp. 191-234, pis. 16.

Vol. II. „ 1. Jurassic Flora of Each, by 0. Peistmantbl, pp. 80, pis. 12.

„ „ 2. Flora of the Jabalpur Group, by O. Feisthantel, pp. 81-105, pis. 14.

THE FOSSIL FLORA OF THE LOWER GONDWANAS.
(Seeies XII.)

Vol. I, pt. 1. The Flora of the Talchir-Karharb4ri beds, by O. Peistmantbl, j^. 48, pis. 27.

JURASSIC PAUNA OP EACH.
(Seeies IX.)

Vol. I. The Cephalopoda, by W. Waagbit, pp. i, 247, pis. 60 (4 parts).

INDIAN PRETEETIARY VERTEBEATA.
(Seeieb IV.)

Vol. I, pt. 1. The Vertebrate Fossils from the Panchet Rocks, by T. H. Huxley, pp. 24, pis. 6.

„ „ 2. The Vertebrate Fossils of the Kota-Maleri Group, by SiH P. de M. Geey Egheton and L. C. Miall,

pp. 23, pis. 4.

,, „ 3. Reptuia and Batrachia, by E. Lydekkbe, pp. 36, pis. 6.

INDIAN TERTIARY AND POST-TERTIARY VEETEBRATA.
(Seeies X.)

Vol. I, pt. 1. Rhinoceros deocanensis, by R. B. Poote, pp. 18, pis. 3.

„ 2. Molar teeth and other remains of Mammalia, by E. Ltdekkee, pp. 69 (19-87), pis. 7 (iT-x).

„ 3. Crania of Ruminants, by R. Lydekkee, pp. 84 (88-171), pis. 18 (xi-xxviii).

TERTIARY ANNULOSA.
(Seeies VII.)

Vol. I, pt. 1. Tertiary Crabs from Sind and Kutoh, by P. Stoliczka, pp. 16, pis. ^.

SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

(Seeies Xm.)

I. Productus-Limestone Group : 1, Pisces, Cephalopoda, pp. 72, pis. 6.

The price fixed for these publications is 4 annas (6 pence) per single plate.

To be had at Gteologioal Survey Office, Indian Museum ; at Office of Superintendent, Government Printing, Calcutta

;

or through any Bookseller. London : Triibner & Co.
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I Eoyal 8vo pp 309, 1859. Pt. Mout ofprint) : On the Goal and Iron of Cuttaek.—Stucture and Relations of the

T^lchir Ooal-field.—Gold l)#>sit3 in Upper Assam.—Gold and' Gold-dilst from' Shue-QTreen. Pt. 2 (price

2 Es.) : Geology of the Khasifels.—a?he Nilghiri HiUs. Pt.'3 (ynW2 B«.)tr- Geology of Bankoorah, Midna-

pore, and Oris8a.—Lateri4e,o?prisBa.—Fossil Teeth of Cerafodus.

Vol II EbyalSvo, pp.341, 1859. lPt.lk>rice2'Ra.): i^eport on the Vindhyan Eocks and their Associates in Bundelkand.

Pt. 2 (price 2 Es.) : QeologSl Structure of the Central Portion of the Nerbudda DjStrict.—Tertiary and

AliuTial Deposits of the Nerbfflda Valley.—dfeologiokl Eelations and probable Geological 'Age of the several

Groups of Eocks in Central India and Bengal, i

Vol III. Eoyal 8vo, pp. 438. Pt. 1, 188|'(yrice 3 Es.) : Eeport on the Edniganj Coal-field.—A4ditional Eemarks on the .

Geological Age of Indian Eoptsystems. Pt. 2, 1864 (price 2 Es.) : On the Sub-Himalayan Eanges between the

Ganges and Sutlej. f

Vol IV Eoyal 8to, pp. 450. Pt. 1, 186$ (price 2 Es.) : Eeport on the Cretaceous Eocks of Tri'ohindpoly District, Madras.

Pt. 2, 1864 (pme 2 Es.) : On t^ Structure of tJiePistriots of Trichinopoly, Salem, &o. Pt. 3, 1865 (price 1 Ee.) : , i

On the Coal of Assam, &e. S •'
' '" 1- '••»_., -y •-,''.'' ^-

Vol. V Eoyal, 8vo, pp. 354. Pt. 1, 186| (price 3 Es.) : Sections across N.W. -iHimalaya, from Sutlej-to Indus.—On the ',

Gypsum of Spiti. Pt.. 2^ 186| (price 1 Ee.) : .On th«Geology of Bombay. Pt. 3,.1866"(p«(!e 1 Ee.) : On the

Jheria Odal-field.^Geol(%icaSObserykions W%eStffl-n^ .,,•-.:../•,' •

Vol VI. Eoyal 8to, pp. 5Q5:'\W''\iT^^^(W-^e^^h''^Oai^STiSeighhoxirhoo6i of Lynyan, &c., in Sind.—Geology of a '

Portion of CutoK«2pt;r.2!^180|(;^nm'2fEi5|r'BokffifGo^^^ of Western and t

Central |ndia. Pt.-Sf 1^69.'(^we"2 Es. Sw.) : , Ts^i an(j lyerbudda.Yalleys.—JVog-beds ,in Bombay.—Oxy- -

glossuspusilMs. _

'*

., ,, ,

Vol VII. Eoyal 8to, pp. 34S.> Pt. l; 1869 (pricefi Es,) : Xindhjan Series.—Mineral Sfcatiftics.—Coal.^Shillong Plateau, f <

Pt. 2, I87O (price 1 Ee.): Karharb^ Coal-feld.T-Deoghar Coal-field. Pt. 3, 1871 (price ITSe.)': Aden Water-

^

supply.—K5.ranpura Coal-fields.
. ,.4, .„,,,,' _

Vol. VIII. Eoyal 8to, pp. 353. Pt. 1, 1872 (price 4 Es.) : On the Kadapah and Karnul Formations in the Madras Presi-

dency. Pt. 2, 1872 (price 1 Ee.) : Itkhuri Coal-field.-Daltonganj Coal-fi^d.—Ohope ffloal-field. /

Voi. IX. Eoyal Sto, pp. iy, 358. Pt. 1, 1872 (price 4 Es.) : Geology of Kutch. Pt. 2, 1872 (pj|ce | Ee.) : Geology of

.

Nagpilr.^Geology of Sirban HiU.—Carboniferous Ammonites, pp. 65.
"

,;

Vol. X. Eoyal 8vo, pp. 359. Pt. 1, 1873 (price 3 Es.) : Geology of Madras.—Satpura Coal-basin. Pt. 2, 1874 (price 2 Es.) 4
Geology of Pegu. , f

*
- * fc.

Vol. XI. Eoyal 8to, pp. 338. Pt. 1, 1874 (price 2 Its.) : Geology of Dirjiling and Western D;5i|,rs.( Pt. 2, 1876 (price

'

3 Es.): Salt-region of Eoh4t, Trans-Indus: pp., 230.
'

Vol. XII. Eoyal 8yo, pp. 363. Pt. L -1877 (pj'ice 3 Es.): South Mahritta Country. Pt. 2, 1876 (price 2 Es.) : Coal-'
fieldsoftheNagahiUs: pp. 95.

Vol. Xm. Eoyal 8vo, pp. 248. Pt. 1, 1877 (price 2 Es. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 (price 2 Es. 8 As.) {|
Geology of the Eajmahal Hills.

Vol. XIV. Geology of the Salt Eange in the Punjab : Eoyal 8to, pp. 313, 1878.

Vol. XV. Pt. 1, 1878 (price 2 Es.) : Geology of the Aurunga and Hut4r Coal-fields (Palamow).

Vol. XVI. Pt. 1 (price 1 Ee 8 As.): 'Geology of Eastern Coast from Lat. 15° to Masulipatam.

Vol. XVII. Pt. 1 (price 3 Es.) : Geology of Western Bind.

The.prioe fixed for these publications is 5 Es. (10s.) each volume.

Manual of the Geology of India, 2 Vols, and Map, price 8 Es. (16s.).

—
^

To be had at Geological Survey Office, Indian Museum ; at OfBce of Superintendent, Government Printing, Calcutta •

or through any Bookseller. London ; Triibner & Co.
'

EECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

The Eecokds of the Geological Survey are issued quarterly,-in February, May, August, and November. They contain
briefreportsandpapers; abstracts of more detailed v^ork; notices of recent discoveries ; donations to Museum, and additions to
Library, &e. They are of the same size as the ' Memoirs,' but are separately paged.

""'"""» ~

GreaTBrSrs^^^^T/f
™ ^" ^°"'" ""™''^" °'' ^"*' '" ^ ^^' ^**'^' ^"^^^^ additional, if forwarded, for India, 4 As., for

,„-«-^"'y"'^™° P*"^'
"' "iMl'ers have appeared: 1868, 3 Nos. ; 1869, 4 Nos. : 1870 4 Noa with Titles Sw 1S71 4 Nni, •

1872,4Nos.; 18f3,4Nos.; 1874, 4 Nos. ; T875, 4 Nos. ; 1876,4Nos.; 1877, 4 Nos. ; isf8/4" 187M^
1871,4Nos.,

Calcutta, Tehmary 1880.
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PALJIONTOLOGIA INDICA.

(Sbbies I, ni, V, VI, vni.)

OKETACEOUS PAtTNA OF SOUTHEEN INDIA.

Vol. I. The Cephalopoda, hy H. F. Blanpoed and P. Stoliczka (1863-66), pp. 216, pis. 94. The BelemnitidsB and
NautilidtB, by H. P. BiiiKPOED, pp. 1-40, pis. 25. (Ok< of print.) The Ammonitids, by P. Stoliczka,

pp. 41-216, pis. 71 (13 parts), {complete).

Vol. II. The Gastropoda, by P. Stoliczka (1867-68), pp. xiii, 500, pis. 28 (10 parts), (complete).

Vol. III. The Peleeypoda, by F. Stoliczka (1870-71), pp. xxii, 537, pis. 60 (13 parts), {complete).

Vol. IV. The Brao'hiopoda, CiUopoda, Eehinodermata, Corals, &c., by F. Stoliczka (1872-73), pp. T, 202, pis. 29 (5 parts).

The Brachiopoda, pp. ii, 32, pis. 7. The Ciliopoda, pp. ii, 34, pis. 3. The Eehinodermata, pp. i, 59, pis. 7.

The Corals, &o., pp. 70, pis. 12, {complete).

(Sbeies II, XT, XII.)

THE FOSSIL FLORA OF THE GONDV^^ANA SfSIEM.

Vol. I, pp. xviii, 233, pis. 72, {complete).

„ pt. 1 (1863), (in six fasciculi), {Nbs. 4 and 5 out of print). lUjmahM Group, B&jmah&l Hills, by T. Oldhau and
J. MoEEis, pp. 52, pis. 85.

„ „ 2 (1877). Same, continmd, by O. Peistmabtel, pp. 53-162, pis. 36-48.

„ 3 (1877). Plants from Golapilli, by O. Feistmahtel, pp. 163-190, pis. 8.

„ „ 4 (1879). Outliers on the Madras Coast, by O. Fbistmantbl, pp. 191-224, pis. 16.

Vol. n, pp. xli, 115, pis. 26, {complete).

„ pt. 1 (1876). Jurassic Flora of Kach, by O. Feistmajitel, pp. 80, pis. 12.

,. „ 2(1878). Flora of the Jabalpur Group, by O.Feistmantel, pp. 81-105, pis. 14.

Vol. Ill, pp. xi, 64+ 149, pis. 64 (9 double) (I-XXXI+I^-XLVILi), {complete).

„ pt. 1 (1879). The Flora of the Talchir-Karharbiri beds, by O. Feistmahtel, pp. 48, pis. 27 (5 double).

,, „ 1 (Suppl. 1881). Same, Supplement, pp. 49-64, pis. (xiviii-xxti) 4 (1 double).

„ 2 (1880). The Flora of the Damuda and Panoket Divisions, pp. 77, pis. 18 (1 double) (U-XVL4, 14-16 bin).

„ 3 (1881). Same, concluded, pp. 73 (77-149), pis. 31 (2 double) {XTIIA-XLYTU).

(Seeies IX.)

JOEASSIC FAUNA OF KACH.
Vol. I. (1873-76). The Cephalopoda, by W. Waaoen, pp. i, 247, pis. 60 (4 parte), {complete).

(Seeies IV.)

INDIAN PEBTERTIAEY VEETEBE.ATA.

Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Panchet Eocts, by T. H. Huxley, pp. 24, pis. 6.

„ „ 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sie P. de M. Obey Egeeton arid L. C.
MiALL, pp. 23, pis. 4.

„ „ 3 (1879). Eeptilia and Batrachia, by R. Lydbkkee, pp. 36, pis. 6.

(Seeies X.)

INDIAN TERTIAEY AND POST-TEETIAEY VEETBBRATA.
Vol. I, pp. XXX, 300, pis. 46, {complete).

pt. 1 (1874). Rhinoceros- deocanensis, by E. B. Foote, pp. 18, pis. 3.

„ 2 (1877). Molar teeth and other remains of Mammalia, by E. Lydekkee, pp. 69 (19-87), pis. 7 (iv-x).

„ 3 (1878). Crania of Euminants, by E. Lydekkee, pp. 84 (88-171), pis. 18 (xi-xiriii).

„ 4 (1880). Supplement to pt. 3, pp. 10 (172-181), pis. 3 (XXI A, B, XXin A).

„ 5 (1880). Siwalik and Narbada Proboscidia, by E. Lydekkee, pp. 119 (182-300), pis. 18 (xxix-xiTi).

(Seeies VII, XIV.)

TEETIAEY AND tTPPER CRETACEOUS FAUNA OF WESTEEN INDIA.

Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutch, by P. Stoliczka, pp. 16, pis. 6.

„ ,, 1 (new 2) (1880). Sind Fossil Corals and Alcyonaria, by F. I&tijj Ddhcan, M.B., P.K.S., V.P.G.S etc,
pp. 110, pis. 28.

(Seeies Xm.)
SALT-EANGE FOSSILS, by WILLIAM WAAGEIS, Ph.D.

I. Productus Limestone Group : 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ „ 2 (1880). Gasteropoda and guppfement to pt. 1, pp. Ill (73-183), pis. 10 (vii-XTi)
3 (1881). Peleeypoda, pp. 144 (185-328), pb. 8 (xvii-xxiT).

The price fixed for these pubUcationB is 4 annas (6 pence) per single plate.

To be had at the Geological Survey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.
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GEOLOGICAL SURVEY OE INDIA.

2 sfv Gell^ome EhSlus;^^^^ Hill.. Pt. 3 (pnce 2 Es.): Geology of Bankoorah, Madna-

;ore; and oS.-Laterite of Oris.a._FosBil Teeth of Ceratodus.

-B \^ B,n T.r, W 1859 Pt 1 (<mi ofprint) : Report on the Vindhyan RockB and their i^sociates in Bundeliand.

^fl^^ofT^in^ Geot^e^BMreot the Central Portion of the Nerhudda pistnct-Tertiary and

ILvial de/oS of the Her^udda VaUey.-Geological Belations and probable Geological Age of the several

Groups of Eoctsin Central India and Bengal.

TJnv»l «vo DO 438 Pt 1 1863 Cout of print): Eeport on the Eaniganj Ooal-fleld^—Additional Eemarks on the

JeolS^ ^g« of^-^ Eook-systemC Pt. 2, 1864 {price 2 Es.) : On the Sub-HimaJayan Ranges between the

Ganges and Sptlej.

T!nv»l 8vo ™ 450 Pt 1, 1863 (price 2 Es.) : Eeport on the Cretaeeous Eooks ofTrichinopoly District, Madras.

Pt! 2 18^ (^'^ SEs..)! On thlsTructure of tlie^Districts of Triohinopoly, Salem, &c. Pt. 3, 1865 {pnce 1 Ee.)

:

On the Coal of Assam, &o.

Rnval 8to dd 354 Pt. 1, 1865 (i)nc«-3Es.): Sections across N.W. Himalaya, from SuUej to Indus.—On the

Jypsum of S^ti. Pt. 2, me {price 1 Ee.): On the Geology of Bombay. Pt. 3, 1866 {price 1 Ee.) :
On the

Jherria Coal-field.—Geological Observations on Western Tibet.

Vn, VI Roval 8vo np. 395. Pt. 1, 1867 {price 8 As.) : On the Neighbourhood of Lynyan &o., -in Bind.—Geology of a
Vol. VI.

»^*',i°^°J,
Pg4^.

Pt. 2, 1867 (irioe 2 Es. : Bok4ro Goal-fleld.-Etogarh Coal-field.-Traps of Western and

Central India. Pt. 3, 1869 (i>rto 2"Es. 8 As:) : Tapti and Nerbudda Valleys.-Frog-beds m Bombay.—Oxy-

glossus ptmlhis.

\r^, VTT -RnvftlSvo no 342. Pt. 1, 1869 (once 3 Esi) : Vindhyan Series.—Mineral Statistics.—Gbal.—Shillong Plateau.
Vol. VII. E^y^^PP^-^,!^

Pt. 3, 1871 (?rto 1 Ee.) : Aden Water-

supply.—Kfcranpura Coal-fields.

Vol VIII Eoval 8vo pp. 353. Pt. 1, 1872 {price 4 Es.) : On the Kadapah and Kamul Formations in -the Madras Presidency.

Pt. 2, 1872 {price 1 Efi.) : Itkhuri Coal-field.—Daltonganj Coal-field.—Chops Coal-field.

Vol IX Eoyal 8vo, pp. iv, 358. Pt. 1, 1872 {price 4 Es.): Geology of Kutch. Pt. 2, 1872 (^jnce 1 Ee.): Geology of

Nagpur.—Geology of Sirban HiU.—Carboniferous Ammonites, pp. €5.

Vol. X. Eoyal 8to, pp. 359. Pt. 1, 1873 {price 3 Es.) : Geology of Madras.—Satp^sa Coal-basin. Pt. 2, 1874 {price 2 Es.) :

Geology of Pegu.

Vol XI. Eoyal 8vo, pp. 338. Pt. 1, 1874 (pWce 2 Es.): Geology of DArjiling and Western Diiars. Pt. 2, 1876 (price

3 Es.) : Salt-region of Kohat, Trans-Indus, pp. 230.

Vol. XII. Eoyal 8vo, pp. 363. Pt. 1, 1877 (pnce 3 Es.): South Mahrtoa Country. Pt 2, 1876 (pnoe2Ea.): Ooal-fields

of the NAga Hills, pp. 95.

Eoyal 8to, pp. 248. Pt. 1, 1877 {price 2 Es. 8 As.) : Wardha VaUey Coal-field. Pt. 2, 1877 {price 2 Es. 8 As.)

:

Geology of the Eajmahal Hills.

Vol. XIV. Eoyal 8vo, pp. 313. Geology of the Salt Eange in the Punjab.

Eoyal 8vo, pp. 191. Pt. 1, 1878 {price 2 Es. 8 As.) : Geology of the Aurunga and Hutir Coal-fields (Palamow).

Pt. 2, 1880 {price 2 Es. 8 As.): Eamkola and Tatapani Coal-fields (Sirguja).

Eoyal 8vo, pp. 264. Pt. 1, 1879 {price 1 Re. 8 As.) : Geolo^ of Eastern Coast from Lat. 15° to Masulipatam.

Pt. 2, 1880 {price 1 Ee. 8 As.) : The Gneiss and Transition Eocks, and other Formations of the Nellore

Portion of the Camatic. Pt. 3, 1880 {price 2 Es.) : Coastal region of the Godivari.

Vol. XVn. Eoyal 8vo, pp. 305. Pt. 1, 1879 (pripe 3 Es.) : Geology of Western Sind. Pt. 2, 1880 {price 2 Es.) : Trans-

Indus extension of the Salt-range.

Vol XVIII. Pt. 1, 1881 {price 2 Es.) : Southern Afghanistan. Pt. 2, 1881 {price 1 Ee. 8 As.) : M&nbhiim and Singhbhiim.

Pt. 3, 1881 {price 2 Es.) : Pranhita Gk)d4vari VsUey.

The pripe fised for t<hese publications is S Es. (10s.) each volume.

Vol. xni.

Vol. XIV.

Vol. XV.

Vol. XVI

Manual of the Geology of India, 2 Vols, and Map, price 8 Es. (16s.).

To be had at the Geological Survey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.

RECOEDS OF THE GEOLOGICAL SURVEY OE INDIA.

The EEOOKns of the Geological Survey are issued quarterly,—in February, May, August, and November. They contain

brief reports and papers ; abstracts of more detailed work ; notices of recent discoveries ; donations to Museum, and additions to

Library, &c. They are of the same size as the ' Memoirs,' but are separately paged.

The annual subscription for four numbers or parts is 2 Es. (4s.). Postage additional, if forwarded, for India, 4 As., for
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1873, 4 Nos.; 1874, 4 Nos.; 1875, 4 Nos.; 1876, 4 Nos.; 1877, 4 Nos. with Index to Ist Decade; 1878, 4 Nos.; 1879,

4 Nob. ; 1880, 4 Nos.

CaiiODTta, Jmrnff/rt/ 1881.
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PAL^ONTOLOGIA INDICA.

(Sbeies I, ni, V, VI, vni.)

OEETACBOUS PATINA OP SOUTHERN INDIA.

Vol. I. The Cephalopoda, by H. P. Blanfobd and P. Stoliozka (1863-66), pp. 216, pis. 94. The Belemnitidse and
Nautaidse, by H. P. Blanfobd, pp. 1-40, pis. 25. (0«* of print.) The Ammonitidse, by P. Stoliozka,

pp. 41-216, pis. 71 (13 parts), (complete).

Vol. n. The ©astropoda, by P. Stoliozka (1867-68), pp. xiii, 500, pis. 28 (10 parts), (complete).

Vol. m. The Peleoypoda, by P. Stoliozka (1870-71), pp. xdi, 537, pis. 50 (13 parts), (complete).

Vol. IV. The Braohiopoda, Ciliopoda, Bchinodermata, Corals, &e., by P. Stoliozka (1872-73), pp. v, 202, pis. 29 (5 parts).

The Brachiopoda, pp. ii, 32, pis. 7. The Ciliopoda, pp. ii, 34, pis. 3. The EcMnodermata, pp. i, 59, pis. 7.

The Corals, &o., pp. 70, pis. 12, (complete).

(Series II, XI, XII.)

THE POSSIL FLOEA OP THE GONDWANA SfSTEM.

Vol. I, pp. xviii, 233, pis. 72, (complete).

„ pt. 1 (1863), (in six fasciculi), (Nbs. 4 and 6 out of print). E&jmahffl Group, B&jmah&l Hills, by T. Oldham and
J. MoBBis, pp. 52, pis. 35.

„ „ 2 (1877). Same, continued, by O. Pbistmawtbl, pp. 53-162, pis. 36-48.

„ 3 (1877). Plants from Golapilli, by O. Peistmabtel, pp. 163-190, pis. 8.

„ „ 4 (1879). Outliers on the Madras Coast, by O. Peistmantbl, pp. 191-224, pis. 16.

Vol. II, pp. ili, 115, pis. 26, (complete).

„ pt. 1 (1876). Jurassic Plora of Kaeh, by O. Peistmantbl, pp. 80, pis. 12.

„ „ 2 (1878). Plora of the Jabalpur Group, by O. Peistmantbl, pp. 81-105, pis. 14.

Vol. Ill, pp. xi, 64+149, pis. 64 (9 double) (I-XXXI+I^-XLVIU), (complete).

pt. 1 (1879). The Plora of the Talchir-KarharW-ri beds, by O. Peistmantbl, pp. 48, pis. 27 (5 double).
... „

lublf"1 (Suppl. 1881). Same, Supplement, pp. 49-64, pis. (xiviii-xxxi) 4 (1 double).

2 (1880). The Flora of the Damuda and Panohet Divisiona, pp. 77, pis. 18 (1 doub
3 (1881). Same, concluded, pp. 73 (77-149), pis. 31 (2 double) (XVII^-XLVIU).

(Sebibs IX.)

JDRASSIO PAUNA OF EACH.

Vol. I. (1873-76). The Cephalopoda, by W. Waagbn, pp. i, 247, pis. 60 (4 parts), (complete).

(Sebibs IV.)

INDIAN PEETERTIARY VBETEBEATA.
Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Panchet Eocks, by T. H. Hcxlet, pp. 24, pis. 6.

„ „ 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sib P. de M. Gbby Bqbrton and L. 0.

MiALL, pp. 23, pis. 4.

„ „ 3 (1879). Eeptilia and Batrachia, by E. Lydekkee, pp. 36, pis. 6.

(Sebies X.)

INDIAN TBBTIAEY AND POST-TEETIAEY VERTEBEATA.

Vol. I, pp. ra, 300, pis. 46, (complete).

„ pt. 1 (1874). Ehinooeros deccanensis,by E. B. FooTE, pp. 18, pis. 3.

„ „ 2(1877). Molar teeth and other remains of Mammalia, by R. Lydekkee, pp. 69 (19-87), pis. 7 (iv-x).

„ „ 3(1878). Crania of Euminants, by E. Lydekkee, pp. 84 (88-171), pis. 18 (xi-xxviii).

„ 4 (1880). Supplement to pt. 3, pp. 10 (172-181), pis. 3 (XXI A, B, XXIH A).

„ „ 5 (1880). Siwalik and Narbada Probosoidia, by E. Lydbkkeb, pp. 119 (182-300), pis. 18 (xxix-xlvi).

(Series VH, XTV.)

TEETIARY AND UPPEE CEETAOEOTTS FAUNA OP V7ESTBRN INDIA.

Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutoh, by P. Stoliozka, pp. 16, pis. h.

„ 1 (now 2) (1880). Sind Fossil Corals and Alcyonaria, by P. MAEim Dusoan, M.B., P.E.S., V.P.G.S., etc.,

pp. 110, pis. 28.

(Series XIII.)

SALT-RANGE FOSSILS, bt WILLIAM V^AAGEN, Ph.D.

Productus Limestone Group : 1 (1879). Pisces, Cephalopoda, ppi. 72, pis. 6.

„ „ 2 (1880). Gasteropoda and Supplement to pt. 1, pp. Ill (73-183), pis. 10 (Tii-xvj).

3(1881). Peleoypoda, pp. 144 (185-328), pis. 8 (xrii-xxiT).

The price fixed for these publications is 4 annas (6 pence) per single plate.

To be had at the Geological Suryey Office, Indian Museum, or through any Bookseller. Loudon : Triibaer & Co.
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2 B^ ) GeoW of the KhaBi HillB.-The Mghiri HiUs. Pt. 3 (price 2 Es.) : Geology of Bankoorah, Midna-

pore, and Orissa.—Laterite of Orissa.—PoBsil Teeth of Ceratodus.

Vor II Eoval 8to to 341, 1859. Pt. 1 (out ofprint) : Eeport on the Vindhyan Eocts and their Associates in Bundeliand.
Vol. II.

«^yff°;JPy^y»fQ^„j^^^\^i gt^„^ture of fte Central Portion of the Nerbudda District-Tertiary and

AliuTial depoHts of the Herbudda Valley.- Geological Eelations and probable Geological Age of the several

Groups of Eocks in Central India and Bengal.

Vol ni Eoval Sto, pp. 438. Pt. 1, 1863 {put of'pint): Eeport on the Eaniganj Coal-field.—Additional Efimarts on the

Geological Age of Indian Bock-systems. Pt. 2, 1864 f^prwe 2 Es.) : On the Sub-Himalayan Eanges between the

Ganges and Sutlej.

Vol rV Eoval 8vo, pp. 450. Pt. 1, 1863 (^ce 2 Es.) : Eeport on the Cretaceous Eocks of Trichinopoly District, Madras.

Pt. 2, 18« {pioe 2 Es.) : On the Structure of the Districts of Trichinopoly, Salem, &o. Pt. 3, 1865 {'price 1 Ee.)

:

On the Coal of Assam, &c.

Vol V Eoval 8to, pp. 354. Pt. 1, 1866 {price 3 Es.) : Sections across N.W. Himalaya, from Sutlej to Indus.—On the

Gypsum of Spiti. Pt. 2, 1866 (pwe 1 Ee.) : On the Geology of Bombay. Pt. 3, 1866 (
iwice 1 Ee.) : On the

Jherria Coal-field.—Geological Observations on Western Tibet.

Vol VI. Eoyal Sto, pp. 395. Pt. 1, 1867 {price 8 As.) : On the Neighbourhood of Iiynyan, &c., in Sind.—Geology of a

Portion of Outoh. Pt. 2, 1867 {price 2 Es.) : Bok&ro Coal-field.—E^mgarh Coal-field.—Traps of Western and

Central India. Pt. 3, 1869 {price 2 Es. 8 As.) : Tapti and Nerbudda Valleys.—Prog-beds in Bombay.—Oay-
glossMS'pUfSiVMS.

Vol VII. Eoyal 8vo, pp. 342. Pt. 1, 1869 {price 3 Es.): Vindhyan Series.—Mineral Statistics.-Coal.—Shillong Plateau.

Pt. % 1870 {price 1 Ee.) : Earhirbdri Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (ynee 1 Ee.) : Aden Water-

Bupply.^—Ktonpura Coal-fields.

Vol. VIII. Eoyal 8vo, pp. 353. Pt. 1, 1872 {price 4 Ea.) : On the Kadapah and Kamul Formations in the Madras Presidency.

Pt. 2, IS72 {price 1 Ee.) : Itkhuri Coal-field.—Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Eoyal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Es.): Geolo^ of Kutch. Pt. 2, 1872 (price 1 Ee.): Geology of

Nagpur.—Cfeology of Sirban Hill.—Carboniferous Ammonites, pp. 65.

Vol. X. Eoyal 8vo, pp. 359. Pt. 1, 1873 (^nce 3 Es.): Geology of MflxJras.—S4tpiira Coal-baain. Pt.2, 1874 (price 2 Es.):

Geology of Pegu.

Vol. XI. Eoyal 8vo, pp. 338. Pt. 1, 1874 (price 2 Es.) : Geology of D^rjiling and Western Diiars. Pt. 2, 1876 (price

3 Es.): Salt-region of KohAt, Trans-Indus, pp. 230.

Vol. XII. Eoyal 8vo, pp. 363. Pt. 1, 1877 (pnce 3 Es.): South Mahratta Country. Pt. 2, 1876 (price 2 Es.): Coal-fields

of the N4ga HUls, pp. 95.

Vol. XIII. Eoyal 8to, pp. 248. Pt, 1, 1877 (price 2 Es. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 (price 2 Es. 8 As.)

:

Geology of the EAjmahil HiUs.

Vol. XIV. Eoyal 8to, pp. 313. Geology of the Salt Eange in the Punjab.

Vol. XV. Eoyal 8vo, pp. 191. Pt. 1, 1878 (price 2 Es. 8 As.) : Geology of the Aurunga and Hut&r Coal-fields (Palamow).
Pt. 2, 1880 (price 2 Es. 8 As.): Eamkola and Tatapani Coal-fields (Sirguja).

Vol. XVI. Eoyal 8vo, pp. 264. Pt. 1, 1879 (price 1 Ee. 8 As.) : Gflolo^ of Eastern Coast from Lat. 15° to Masulipatam.
Pt. 2, 1880 (price 1 Eo. 8 As.): The Gneiss and Transition Eocks, and other Formations of the Nellore
Portion of the Camatic. Pt. 3, 1880 (price 2 Es.) : Coastal region of the God^vari.

Vol. XVII. Eoyal 8vo, pp. 305. Pt. 1, 1879 (price 3 Es.): Geology of Western Sind. Pt. 2, 1880 (price 2 Es.): Trans-
Indus extension of the Salt-range.

VoL.XVin. Pt. 1, 1881 {price2 Es.): Southern Afghanistan. Pt. 2, 1881 (price 1 Ee. 8 As.): M^nbhiim and Singhbhiim.
Pt. 3, 1881 (price 2 Es.) : Pranhita GodAvari Valley.

The price fixed for these publications is 5 Es. (10s.) each volume.

Manual of the Geology of India, 2 Vols, and Map, price 8 Es. (16s.).

To be had at the Geological Survey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.

EECOEDS or THE GEOLOGICAL SUEVEY OF INDIA.

The Ebooeds of the Geological Survey are issued quarterly,—in February, May, August, and November. They contain

brief reports and papers ; abstracts of more detailed work ; notices of recent discoveries ; donations to Museum, and additions to

Library, &c. They are of the same size as the ' Memoirs,' but are separately paged.

The annual subscription for four numbers or parts is 2 Es. (4s.). Postage additional, if forwarded, for India, 4 As., for

Great Britain, 8 As. (Is.).

Fifty-one parts or numbers have appeared: 1868, 3 Nos.; 1869, 4 Nos.; 1870, 4 Nos. ; 1871, 4 Nos. ; 1872, 4 Nos.;

1873, 4 Nos.; 1874^ 4 Nos.; 1875, 4 Nos.; 1876, 4 Nos.; 1877, 4 Nos. with Index to 1st Decade; 1878, 4 Nos.; 1879,
4 Nos. ; 1880, 4 Nos.

Calcutta, January 1881.
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BY
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PALJEONTOLOGIA INDICA.

(Series I, III, V, VI, VIII.)

CEETACEOUS FAUNA OF SOITTHEEN INDIA.

Vol. I. The Cephalopoda, by H. F. Blanfokd and F. Stoliczka (1863-66), pp. 216, pis. 94. The Belemnitida and

Nautilidffi, by H. F. Blanford, pp. 1-40, pis. 25. {Out of print.) The Ammonitidse, by F. Stomczea,

pp. 41-216, pis. 71 (13 parts), {complete).

Vol. II. The GaBtropoda, by F. Stoliczka (1867-68), pp. xlii, 500, pis. 28 (10 parts), {complete).

Vol. III. The Peleevpoda, by F. Stoliczka (1870-71), pp. xxii, 537, pis. 50 (13 parts), {complete).

Vol. IV. The Braohiopoda, CiUopoda, Eohinodermata, Corals, &e., by F. Stoliczka (1872-73), pp. r, 202, pis. 29 (5 parts).

The Braohiopoda, pp. ii, 32, pis. 7. The Oiliopoda, pp. ii, 34, pis. 3. The Eohinodermata, pp. i, 59, pis. 7.

The Corals, &o., pp. 70, pis. 12, {complete).

(Series II, XI, XII.)

THE FOSSIL FLORA OF THE GONDWANA SfSTEM.

Vol. I, pp. xviii, 233, pis. 72, {complete).

„ pt. 1 (1863), (in six fasoiouli), {Nos. 4 and 5 out of print). BAjmah&l Group, EAjmahM Hills, by T. Oldham and

J. MoERis, pp. 52, pis. 35.

„ 2 (1877). Same, contintied, by O. Feistmantbl, pp. 53-162, pis. 36-48.

„ 3 (1877). Plants from Golapilli, by O. Fbistmantel, pp. 163-190, pis. 8.

„ 4 (1879). Outliers on the Madras Coast, by 0. Fbistmantel, pp. 191-224, pis. 16.

II, pp. xli, 115, pis. 26, {complete).

pt. 1 (1876). Jurassic Flora of Each, by 0. Fbistmantel, pp. 80, pis. 12.

„ 2 (1878). Flora of the Jabalpur Group, by O. Fbistmantel, pp. 81-105, pis. 14.

Ill, pp. xi, 64+149, pis. 64 (9 double) (I-XXXI+U-XLVIO), {complete).

pt. 1 (1879). The Flora of the Talohir-Karharb&ri beds, by O. Fbistmantel, pp. 48, pis. 27 (5 double).

„ 1 (Suppl. 1881). Same, Supplement, pp. 49-64, pis. (xxviii-xxxi) 4 (1 double).

„ 2 (1880). The Flora of the Damuda and Panohet Divisions, pp. TTjls. 18 (1 double) (I^-XVI.4, 14-16 its).

3 (1881). Same, concluded, pp. 73 (77-149), pis. 31 (2 double) (XVU^-XLVILl).

Vol

Vol.

(Series IX.)

1 JCJEASSIO FAUNA OF KiCH.

Vol. I. (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (4 parte), {complete).

(Series IV.)

INDIAN PEETERTIARY VEETEBEATA.

Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Panohet Eooks, by T. H. Huxley, pp. 24, pis. 6.

„ „ 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sir P. de M. Grey Eobeton and L. 0.

MiALL, pp. 23, pis. 4.

„ „ 3 (1879). Eeptilia and Batrachia, by E. Lydekker, pp. 36, pis. 6.

(Series X.)

INDIAN TERTIARY AND POST-TEETIARY VEETEBEATA.

Vol. I, pp. XXX. 300, pis. 46, {complete).

„ pt. 1 (1874). Ehinooeros decoanensis, by E. B. Foots, pp. 18, pis. 3.

„ „ 2 (1877). Molar teeth and other remains of Mammalia, by E. Lydbkkee, pp. 69 (19-87), pis. 7 (iv-x).

„ „ 3 (1878). Crania of Ruminants, by R. Lydekker, pp. 84 (88-171), pis. 18 (xi-xxviii).

„ 4 (1880). Supplement to pt. 3, pp. 10 (172-181), pis. 3 (XXI A, B, XXIII A).

„ „ 5 (1880). Siwalik and Narbada Probosoidia, by R. Lydekker, pp. 119 (182-300), pis. 18 (xxix-xlyi).

(Series VH, XIV.)

TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN INDIA.

Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutoh, by F. Stoliczka, pp. 16, pis. 5.

,, „ 1 (now 2) (1880). Sind Fossil Corals and Aloyonaria, by P. Maetin Duncan, M.B., P.E.S., V.P.G.S., &c.,

pp. 110, pis. 28.

„ „ 3. The Fossil Echinoidea of Sind, by P. Martin Duncan, M.B.Lond., F.E.S., and W. Percy Sladen, F.Q.S., &o.
Ease. i. (1882) : Echinoidea from the Oardita-Beaumonti beds, pp. 20, pis. 4. Faso. ii. (1882) : Echinoidea
from the Ranikot series, pp. 80, pis. 16. Fasc. iii. (1884): Echinoidea from the Khirthar series, pp 146
pis. 18.

„ ,, 4. The Fossil Echinoidea of Kachh and Kattywar, by P. Martin Duncan, M.B. Lond., F.E.S., &o., and W.
Percy Sladen, F.G.S., &c., with an Introduction by W. T. Blanfoed, Esq., F.E.S., &o., pp. 91, pis. 13.

(Series XIH.)

SALT-EANGE FOSSILS, by M^ILLIAM VTAAGEN, Ph.D.

I. Productus Limestone Group : 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ „ 2(1880). Gasteropoda and Supplement to pt. 1, pp. Ill (73-183), pis. 10 (Tii-xvi).
3 (1881). Peleoypoda, pp. 144 (185-328), pis. 8 (xyii-xxiT).

The price fixed for these publications is 4 annas (6 pence) per single plate.

To be had at the Geological Survey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.
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Vol I Roval 8to, pp. 309, 1859. Pt. 1 (oMif o/^n»i!) : On the Coal and Iron of Outtack.—Staruoture ?,nd Eelations of the

Tillchir ' Coal-field.—Q-old Deposits in Tipper Assam.—Gl-old and Gold-dust from Shue-Gween. Pt. 2 {•price

2 Es.) : Geology of the Ehasi Hills.—The Nilghiri Hills. Pt. 3 (price 2 Es.): Geology of Bankoorah, Midna-

pore, and Orissa.—Laterite of Orissa.—Fossil Teeth of Ceratodus.

Vol II. Eoyal Svo, pp. 341, 1869. Pt. 1 {out ofprint) : Eeport on the Viudhyan Books and their Associates in Bundelkand.

Pt. 2 (Mt of print): Geological Structure of lie Central Portion of the Nerbudda District.—^Tertiary and

Alluvial deposits of the Nerbudda Valley.— Geological Eelations and probable Geological Age of the seyeral

Groups of Eocks in Central India and Bengal.

Vol. III. Eoyal 8vo, pp.438. Pt. 1, \%&Hout ofprint): Eeport on the Eaniganj Ooal-field.—Additional Eemarks on the

Geological Age of Indian Eock-systems. Pt. 2, 1864 {price 2 Es.) : On the Sub-Himalayan Eanges between the

Ganges and Sutlej.

Vol. IV. Eoyal 8to, pp. 450. Pt. 1, 1863 {price 2 Es.) : Eeport on the Cretaceous Eocks of Trichinopoly District, Madras.

Pt. 2, 1864 (jpnee 2Es.): On the Structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (jWJce 1 Ee.)

:

On the Coal of Assam, &o.

Vol V Eoyal 8to, pp. 354. Pt. 1, 1865 {price 3 Es.) : Sections across N.W. Himalaya, from Sutlej to Indus.—On the

Gypsum of Spiti. Pt. 2, 1866 (^ioe 1 Ee.) : On the Geology of Bombay. Pt. 3, 1866 (i)nce 1 Ee.) : On the

Jherria Coal-field.—Geological Obseryations on Western Tibet.

Vol. VI. Eoyal 8to, pp. 395. Pt. 1, 1867 {price 8 As.) : On the Neighbourhood of Lynyan, &c., in Sind.—Geology of a

Portion of Cutch. Pt. 2, 1867 {price 2 Es.) : Bok4ro Coal-field.—Eimgarh Coal-field.—Traps of Western and
Central India. Pt. 3, 1869 {price 2 Es. 8 As.) : Tapti and Nerbudda Valleys.—^Prog-beds in Bombay.

—

Om/-

glossus pttsillus.

Vol. VII. Eoyal 8to, pp. 342. Pt. 1, 1869 (^Wce 3Es.): Vindhyan Series.—^Mineral Statistics.—Coal.—Shillong Plateau.

Pt. 2, 1870 {price 1 Ee.): KarhSrbilri Coal-field.—Deoghar Coal-field. Pt. 3, 1871 {prioe 1 Ee.) : Aden Water-
supply.—Kdranpura Coal-fields.

Vol. VIIT. Eoyal 8to, pp. 353. Pt. 1, 1872 {price 4 Es.) : On the Kadapah and Kamul Formations in the Madras Presidenoy.

Pt. 2, 1872 {price 1 Ee.) : Itkhuri Coal-field.—Daltonganj Coal-field.—Chope Ooal-field.

Vol. rX. Eoyal 8vo, pp. iv, 358. Pt. 1, 1872 (^rice 4 Es.) : Geology of Kutch. Pt. 2, 1872 (i^nce 1 Ee.) : Geology of

Nagpur.—Geology of Sirban HiU.—Carboniferous Ammonites, pp. 65.

Vol. X. Eoyal 8vo, pp. 359. Pt. 1, 1873 (^rjce 3 Es.) : Geology of Madraa.—SMpiira Coal-basin. Pt.2, 1874 (price 2 Es.):

Geology of Pegu.

Vol. XI. Eoyal 8vo, pp. 338. Pt. 1, 1874 {pnce 2 Es.) : Geology of Dirjiling and Western Diiars. Pt. 2, 1876 {price

3 Es.) : Salt-region of KohAt, Trans-Indus, pp. 230.

Vol. XII. Eoyal 8vo, pp. 363. Pt. 1, 1877 (pnce 3 Es.) : South Mahr&tta Country. Pt. 2, 1876 (price 2 Es.): Coal-fields

of the Naga Hills, pp. 95.

Vol. XIII. Eoyal 8to, pp. 248. Pt. 1, 1877 {price 2 Es. 8 As.) : Wardha Valley Ooal-field. Pt. 2, 1877 {price 2 Es. 8 As.)

:

Geology of the Edjmahil HiUs.

Vol. XIV. Eoyal 8to, pp. 313. Geology of the Salt Eange in the Punjab.

Vol. XV. Eoyal 8vo, pp. 191. Pt. 1, 1878 hrice 2 Es. 8 As.) : Geology of the Aurunga and Hutir Coal-fields (Palamow).
Bt. 2, 1880 (price 2 Es. 8 As.) : Eamkola and Tatapani Coal-fields (Sirguja).

Vol. XVI. Eoj-al 8to, pp. 264. Pt. 1, 1879 (price 1 Ee. 8 As.) : Geology of Eastern Coast from Lat. 15° to MasuUpatam.
Pt. 2, 1880 (price 1 Ee. 8 As.): The Gneiss and Transition Eocks, and other Formations of the Nellore
Portion of the Carnatic. Pt. 3, 1880 (prioe 2 Es.) : Coastal region of the Godivari.

Vol. XVII. Eoyal 8to, pp. 305. Pt. 1, 1879 (prioe 3 Es.) : Geology of Western Sind. Pt. 2, 1880 (price 2 Es.): Trans-
Indus extension of the Salt-range.

VoL.XVin. Pt. 1, 1881 (^ce2 Es.)
:
Southern Afghanistan. Pt. 2, 1881 (price 1 Ee. 8 As.) : M^nbhiim and Singhbhiim.

Pt. 3, 1881 (price 2 Es.) : Pranhita GodSvari Valley.

The price fixed for these publications is 5 Es. (10s.) each volume.

Manual of the Geology of India, 2 Vols, and Map, price 8 Es. (16s.).

To be had at the Geological Survey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.

KECOEDS OF THE GEOLOGICAL SURVEY OF INDIA.

The Eecohdb of the Geological Survey are issued quarterly,—in February, May, August, and November. They contain
brief reports and papers ; abstracts of more detailed work ; notices of recent discoveries ; donations to Museum, and additions to
Library, &c. They are of the same size as the ' Memoirs,' but are separately paged.

The annual subscription for four numbers or parts is 2 Es. (4s.). Postage additional, if forwarded, for India, 4 As. for
Great Britain, 8 As. (Is.).

,o„o^y.;°°^ P,o''^. °l "iT^^^Vo^r^^fTP^^^i^l^^^.^ ^°°- ^^^^' * ^o^.; 1870, 4 Nos.; 1871, 4 Nos.; 1872, 4 Nos.
;

1873, 4 Nos.; 1874, 4 Nos.; 1875, 4 Nos.; 1876, 4 Nos.; 1877, 4 Nos. with Index to 1st Decade; 1878, 4 Nos.; 1879
4 Nos. ; 1880, 4 Nos.

Calcutta, Jawaary 1881.
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MEMOIRS
OP THE

GEOLOGICAL SUEVEY OF INDIA.

PAL^ONTOLOGIA IN DIG A.

(Sekies I, III, V, VI, vni.)

OEETACEOUS PATINA OP SOUTHBEN INDIA.

Vol. I. The Cephalopoda, by H. P. BLWFom and P. Stoliczka (186a-66), pp. 216, pis. 94. The BelBmnitidse and

NauflUdffl, by H. P. Blahpobd, pp. 1^, pis. 25. {Out of print.) The AmmomtidiB, by P. Stoliozka,

pp. 41-216, pis. 71 (13 parts), (compZeife).

Vol. II. The Gastropoda, by P. Stoliozka (1867-68), pp. xiii, 500, pis. 28 (10 yacti), (complete).

Vol. III. The Peleoypoda, by P. Stoliozka (1870-71), pp. xxii, 537, pis. 50 (13 parts), (oomp?efo).
oq ^k „ ,K.^

Vol. IV. The BraoHopoda, OiUopoda, Bohinodermata, Corals, &c., by P. Stoliozka (1872-73), pp. v, 202, pla. 29 (5 parts).

The BraoKopoda, pp. ii, 32, pis. 7. The Oiliopoda, pp. ii, 34, pis. 3. The Echinodermata, pp. i, 59, pis. 7.

The Corals, &o., pp. 70, pis. 12, {complete).

(Sekies II, XI, Xn.)

THE FOSSIL FLOEA OP THE QONDWANA SrSTEM.

Vol. I, pp. xviii, 233, pis. 72, (compZeife). ,,,„.„ m ,-. j
pt. 1 (1863), (in six fasciculi), {Nos. i and 5 out of print). EAjmahAl Group, EAjmahU Hills, by T. Oldham and

J. MoEEis, pp. 52, pis. 35.

„ „ 2 (1877). Same, continued, by O. Peistmastel, pp. 53-162, pis. 36-48.

„ 3 (1877). Plants from Golapilli, by O. Peistjiantbl, pp. 163-190, pis. 8.

„ 4 (1879). Outliers on the Madras Coast, by O. Feistmaktel, pp. 191-224, pis. 16.

Vol. 11, pp. xli, 115, pis. 26, {complete).

„ pt. 1 (1876). Jurassic Flora of Kach, by O. Peistmantel, pp. 80, pis. 12.

, „ 2(1878). Flora of the Jabalpur Group, by O. Peistmantel, pp. 81-105, pis. 14.

Vol. Ill, pp. xi, 64+149, pis. 64 (9 double) (I-XXXI+I^-XLVII^), {complete).

„ pt. 1 (1879). The Flora of the Talchir-Karharbiri beds, by 0. Peistmantel, pp. 48, pis. 27 (5 double).

„ 1 (Suppl. 1881). Same, Supplement, pp. 49-64, pis. (xxviii-xxxi) 4 (1 double).

2 (1880). The Flora of the Damuda and Panchet Divisions, pp. 77j)ls. 18 (1 double) {lA-XXlA, 14-16 bis).
"

„ 3 (1881). Same, concluded, pp. 73 (77-149), pis. 31 (2 double) (XVDU-XLVIU).

(Series IX.)

JURASSIC FAUNA OF EACH.

Vol. I. (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (4 parts), {complete).

(Series IV.)

INDIAN PEETERTIAEY VERTEBEATA.

Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Pajichet Rocks, by T. H. Huxlet, pp. 24, pis. 6.

„ „ 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sib P. de M. Grey Eqerton and L. C.

MiALL, pp. 23, pis. i.

„ „ 3 (1879). EeptUia and Batrachia, by R. Lydekker, pp. 36, pis. 6.

(Series X.)

INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA.

Vol. I, pp. XXX, 300, pis. 46, {complete).

„ pt. 1 (1874). Rhinoceros deccanensis, by E. B. Foote, pp. 18, pis. 3.

„ „ 2 (1877). Molar teeth and other remains of Mammalia, by R. Lydekkbe, pp. 69 (19-87), pis. 7 (iv-x).

„ 3 (1878). Crania of Ruminants, by R. Lydekker, pp. 84 (88-171), pis. 18 ^-xxviii).

„ 4 (1880). Supplement to pt. 3, pp. 10 (172-181), pis. 3 (XXI A, B, XXIII A).

„ „ 5 (1880). Siwalik and Narbada Proboscidia, by R. Lydekker, pp. 119 (182-300), pis. 18 (xxix-xlvi).

(Series VH, XIV.)

TEETIAEY AND UPPER CEETACEOUS FAUNA OF WESTERN INDIA.

Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutch, by P. Stoliozka, pp. 16, pis. 5.

„ 1 (now 2) (1880). Sind Fossil Corals and Alcyonaria, by P. Mabtin Duncan, M.B., F.E.S., V.P.G.S., &o,,

pp. 110, pis. 28.

„ 3. The Fossil Eohinoidea of Sind, by P. Martin Duncan, M.B.Lond., F.E.S., and W. Percy Sladen, P.G.S., &c.

Pasc. i. (1882) : Echinoidea from the Cardita^Beaumonti beds, pp. 20, pis. 4. Ease. ii. (1882) : Eohinoidea
from the Eanikot series, pp. 80, pis. 16. Fasc. iii. (1884) : Ecmnoidea from the EMrthar series, pp. 146,
pis. 18.

„ „ 4. The Fossil Echinoidea of Kachh and Kattyyrar, by P. Martin Duncan, M.B. Lond., F.E.S., &c., and W.
Pebci Sladen, F.G.S., &c., with an Introduction by W. T. Blaheoed, Esq., P.E.S., &c., pp. 91, pis. 13.

(Seeies xirt.)

SALT-EANGB FOSSILS, by WILLIAM WAAGEN, Ph.D.

I. Productus limestone Group : 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„ „ 2 (1880). Gasteropoda and Supplement to pt. 1, pp. Ill (73-183), pis. 10 (vii-xvi).

3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xvii-xxiv).

The price fixed for these publications is 4 annas (6 pence) per single plate.

To be had at the Geological Carrey Office, Indian Museum, or through any Bookseller. London: Triibner & Oo
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Vol. L Eoyal 8to, pp. 309, 1859. Pt. 1 (miofprmt): On the Goal and Iron of Outtaek.—Structure and Eolations of the

TAlchir Coal-field.—Gold Deposits in Upper Assam.—Gold and Gold-dust from Shue-Gween. Pt. 2 (price

2 Es.) : Geology of the Khasi Hills.^—The Nilghiri Hills. Pt. 3 (pnee 2 Es.) : Geology of Bankoorah, Midna-
pore, and Orissa.—Laterite of Orissa.—Fossil Teeth of Ceratodus.

Vol. II. Eoyal 8to, pp. 341, 1859. Pt. 1 {imi o/print) : Eeport on the Vindhyan Eoeks and their Associates in Bundelkand.

Pt. 2 (out ofprinf) : Geological Structure of the Central Portion of the Nerbudda District.—^Tertiary and
Alluvial deposits of the Nerbudda Valley.—Geological Eelations and probable Geological Age of the several

Groups of Bocks in Central India and Bengal.

Vol. III. Eoyal 8vo, pp. 438. Pt. 1, 1863 {out ofprint) : Eeport on the Eaniganj Ooal-fleld.—Additional Eemarka on the

Geological Age of Indian Eock-systems. Pt. 2, 1864 (price 2 Es.) : On the Sub-Himalayan Eangea between the

Ganges and Sutlej.

Vol. IV. Eoyal 8to, pp. 450. Pt. 1, 1863 (price 2 Es.) : Eeport on the Cretaceous Eocks of Trichinopoly District, Madras.
Pt. 2, 1864 (price 2 Es.) : On theStructure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price 1 Ee.)

:

On the Coal of Assam, &c.

Vol. V. Eoyal 8vo, pp. 354. Pt. 1, 1865 (price 3 Es.) : Sections across N.W. Himalaya, from Sutlej to Indus.—On the
Gypsum of Spiti. Pt. 2, 1866 (price 1 Ee.): On the Geology of Bombay. Pt. 3, 1866 (price 1 Ee.) : On the
Jherria Coal-field.—Geological Observations on VTestern Tibet.

Vol. VI. Eoyal 8vo, pp. 395. Pt. 1, 1867 (price 8 As.) : On the Jifeighbourhood of Lynyan, &c., in Sind.—G«ology of a
Portion of Outch. Pt. 2, 1867 (price 2 Es.) : Bok^ro Coal-field.—E^mgarh Coal-field.—Traps of Western and
Central India. Pt. 3, 1869 (price 2 Es. 8 As.) : Tapti and Nerbudda Valleys.—Prog-beds in Bombay.

—

Oxy-
glossuspudllus.

Vol. VII. Eoyal 8to, pp. 342. Pt. 1, 1869 (pHee 3 Es.) : Vindhyan Series.—Mineral Statistics.—Coal.—Shillong Plateau.
Pt. 2, 1870 (price 1 Ee.) : KarhArbiri Coal-field.—Deoghar Coal-field. Pt. 3, 1871 (price 1 Ee.) : Aden Water-
supply.—Ktoupura Coal-fields.

Vol. VIII. Eoyal 8vo, pp- 353. Pt. 1, 1872 (price 4 Es.) : On the Kadapah and Kamul Formations in the Madras Presideney.
Pt. 2, 1872 (price 1 Ee.) : Itkhuri Coal-field.—Daltonganj Coal-field.-Chops Coal-field.

Vol. IX. Eoyal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Es.) : Geology of Kutch. Pt. 2, 1872 (price 1 Ee.) : Geology of
Ifagpur.—Gleology of Sirban HiU.—Carboniferous Ammonites, pp. 65.

Vol. X. Eoyal 8vo, pp. 359. Pt. 1, 1873 (price 3 Es.) : Geology of Madras.—Sitpiira Ooal-baain. Pt. 2, 1874 (jmce 2 Es )

:

Geology of Pegu.
• \c i

Vol. XI. Eoy^ 8vo pp. 338. Pt. 1 1874(pWce2Es.): Geology of DArjiling and Western Diiars. Pt. 2, 1876 (price
3 Es.): Salt-region of Kohat, Trans-Indus, pp. 230.

Vol. XII. Eoyal 8vo pp.363. Pt.l 1877 (prto 3 Es.) : South Mahr&tta Country. Pt. 2, 1876 (once 2 Es.): Coal-fields
of the N4ga HiUs, pp. 95. - '

Vol. XIII. Eoyal 8vo, PP- 248 Pt- 1, 1877 (price 2 Es. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 (price 2 Es. 8 As.)

:

Geology of the E&jmaMl HiUs.
^'^ '

Vol. XIV. Eoyal 8vo, pp. 313. Geology of the Salt Eange in the Punjab.

Vol. XV. Eoyal 8vo,pp 191. Pt. 1, 1878 (^ice 2 Es. 8 As.) : Geology of the Aurunga and Hut4r Coal-fields (Palamow).
Pt. 2, 1880 (przce 2 Es. 8 As.): Eamkola and Tatopani Coal-fields (Sirguja).

Vol. XVI.
^°f

8vo Pp 264 Pt 1, 1879 (pn«« 1 Ee.. 8 As ) : Geology of Eastern Coast from Lat. 15° to MasuUpatam.

Vol. XVII.
^^Jl^^^^^^i ^^J^^>^^^^^^^

3 Es.): Geology of Western Sind. Pt. 2. 1880 (price 2 Es.): Trans-

VoL.XVni.
^'p,l'S^3(^ 2, 1881 (price 1 Ee. 8 As.): M.nbh.m and Singhbh^.

The price fixed for these publications is 5 Es. (10s.) each volume.

Manual of the Geology of India, 2 Vols, and Map, price 8 Es. (16s.).

To be had at the Geological Survey Office, Indian Museum, or through any BookseUer. London : Triibner & Co.

EECOKDS OF THE GEOLOGICAL SUEVEY OF INDIA.

4 Nob.; 1880,41108. '^°%f'^'^'
* ^°'-

'
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PALJIONTOLOGIA IN DIG A.

(Sebies I, ni, V, VI, ym.)
OEETACBOUS FAIWA OP SOUTHERN INDIA.

Vol. I. The Cephalopoda, by H. ^. Blaupoed, F.R.S., and P. Stoliozka (1863-66), pp. 216, pis. 94. Th^ Belemmtidffi

and Nautilidae, by H. P. Blanpokd, pp. 1-40, pis. 25. {Out of print.) The Ammonitidse, by P. STOLio?iKA,

pp. 41-216, pis. 71 (13 parts), (compfeife).
-^,^

.
-

Vol. II. The Gasteropoda, by P. Stoliozka (1867-68), pp. xiii, 500, pis. 28 (10 parts), {compkfe).

Vol. III. The Pelecypoda, by P. Stoliozka (1870-71), pp. xxii, 537, pis. 50 (13 parts), (oomplete).

Vol. IV. The Braohiopoda, Ciliopoda, Echinodermata, Oorals, &c., by P. Stoliozka (1872-73), pp. v, 202, pis. 29 (5 parts).

The Braohiopoda, pp. ii, 32, pis. 7. The Oillopoda, pp. ii, 34, pis. 3. The Echinodermata, pp. i, 59, pis. 7.

The Oorals, &o., pp. 70, pis. 12, (complete).

(Series II, XI, Xn.)

THE FOSSIL ELOEA OP THE GONDWANA SfSTEM.
Vol. I, pp. xTiii, 233, pis. 72, {compile). - . , < . - - - -

,, pt. 1 (1863), (in six fasoiouU), (Nbs. 4 and 5 out of priat). EijmaMl (Jroup, E&jmah&l Hills, by T. Oldqah and
J. MoBBis, pp. 52, pis. 35.

„ „ 2 (1877). Same, ooniimied, by O. Peistmahtel, pp. 53-162, pis. 36-48.

,, „ 3 (1877). Plants from Q-olapilli, by O. Peistmantel, pp. 163-190, pis. 8.

„ „ 4 (1879). Outliers on the Madras Ooast, by O. Peistmantel, pp. 191-224, pis. 16.

Vol. n, pp. 3li, 115, pis. 26, (complete).

„ pt. 1 (1876). . Jurassic Flora of Each, by O. Peistmantel, pp. 80, pis. 12.

„ „ 2 (1878). Flora of the Jabalpur Group, by O. Peistmantel, pp. 81-105, pis. 14.

Vol. Ill, pp. xi, 64+149, pis. 64 (9 double) (I-XXXI+I^-XLVILi), (complete).

„ pt. 1 (1879). The Flora of the Talohir-KarharbAri beds, by O. PlilSTMAOTBL, pp. 48, pis. 27 (5 double).

,, „ 1 (Suppl. 1881). Same, Supplement, pp. 49-64, pis. (xiviii-xxxi) 4 (1 double).

„ „ 2 (1880). The Flora of the Damuda and Panchet DiTisions, pp. 77, pis. 18 (1 double) (lA-XYiA, 14-16 bis).

„ 3(1881). Same, cojsc^Kffoo!, pp. 73 (77-149), pis. 31 (2 double) (XVrU-XLVIU).

(Sebies IX.)

JCTBASSIO FAUNA OP EACH.
Vol. I. (1873-76). The Cephalopoda, by W. Waaben, pp. i, 247, pis. 60 (4 parts), (oomplete).

(Sebies IV.)

INDIAN PBETEETIABr .VEETEBBATA.
Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Panehet Books, by T. H. Hoxley, P.R.S., pp. 24, pis. 6.

„ 2 (1878). The Vertebrate Fossils of the Kota-Maleri Group, by Sib P. de M. Gbey BaEETON and L. 0.
Miall, F.G.S., pp. 23, pis. 4.

,, „ 3' (1879). Beptilia and Batrachia, by E. Lydbkkbb, F.G.S., pp. 36, pis. 6.

(Sebies X.)

INDIAN TEETIAEY' AND POST-TBETIAEY VEETEJBEATA.

Vol. I, pp. XXX, 300, pis. 46, (complete).

„ pt. 1 (1874). Ehinooerog deccanensis, by E. B. Poote, P.G.S., pp. 18, pis. 3.

„ „ 2 (1877). Molar teeth and other remains of Mammalia, by E. Lydekkbb, P.Q.S., pp. 69 (19-87), pis. 7 (iv-x).

„ „ 3 (1878). Crania of Euminants, by B. Ltdekkee, F.G.S., pp. 84 (88-171), pis. 18 od-xxviii).

„ 4(1880). Supplementtopt. 3,pp. 10(172-181),pls.3(XXIA,B,XXIIIA).
„ „ (1880). Siwalik and Narbada Probosoidia, by E. Lydbkkeb, F.G.S., pp. 119 (182-300), pis. 18 (xxix-xlvi).

(Sebies VH, XIV.)

TEETIABY AND UPPEE CEETAOEOUS FAUNA OF WESTEEN INDU.
Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutoh, by F. Stoliozka, pp. 16, pis. .5.

„ ,,1 (now 2) (1880). Sind Fossil Corals and Aloyonaria, by P. Maetih DnwcAN, M.B., F.E.S., V.P.G.S. &c
pp. 110, pis. 28.

„ 3. The PossU Bohinoidea of Sind, by P. Maetin Duncan, M.B.Loud., F.E.S., and Vy. Peecy Sladen, P.G.S., &e.
Paso. i. (1882) : Bohinoidea from the Oardita-Beaumonti beds, pp. 20, pis. 4. Paso. ii. (1882) : Echinoidea
from the Eanikot series, pp. 80, pis. 16. Paso. iii. (1884) : Bclunoidea from the Kiirthar series, pp. 146
pis. 18. Fase. ir. (1884) : Bohinoidea from the Nari series, pp. 26, pis. 4. .

„ „ 4. The Fossil Echinoidea of Kaohh' and Kattywar, by P. Mabtin Ddnoan, M.B. Lend., P.E.S., &c., and W.
Percy Sladen, P.G.S., &c., with an Introduction by W. T. Blanfobd, Esq., P.E.S., &c., pp. 91, pis. 13.

(Series Xm.)
SAIiT-EANGE FOSSILS, by V7ILLIAM V7AAGEN, Ph.D.

I. Productus Limestone Group : 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.1 ( isvaj. Jr-isces, uepnalopoda, pp. 72S, pis. t).

2 (1880). Gasteropoda and Supplement to pt. 1, pp. Ill (73-183), pis. 10 (yii-xvil
3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xvii-xiiv).

''

The price fixed for these pnblieations is 4 annas (6 pence) per single plate.

To be had at the Geological Surrey Office, Indian Museum, or through any Bookseller. London : Triibner & Co.
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•D I a „« ^IQ 1 S-iq Vt Kimt of vrmt) : On the Ooal and Iron of Outtack.—Structure and EeMons ofthe

pore/and Orissa.-Laterite of Oris8a.--Pos8il Teeth of Ceratodus.

Aliiuial depoSCof the HerWda Valley.-Geological Relations and probable &eological Age of the several

Groups of Eocts in Central India and Bengal.

,7 TTr TJ^,,.! «vn Tin 4S8 Pt 1 1863 (ou( ofmini): Beport on the Eaniganj Coal-field.—Additional Eemarks on the

Vol. in.
. S°J^-li8^'JP^g*f„h^^i,^ZS^iT Pt. 2, 1^864 (^. 2 Esif: dn the Sub-Himalayan Ranges between the

Ganges and Sutl^.

Roval 8vo DO 450 Pt 1, 1863 (price 2 Es.) : Report on the Cretaceous Eocts of Triehinopoly District, Madras.

Pt 2 18 ŷWoi 2 Es.) : On the^tructure of the Districts of Triehinopoly, Salem, &c. Pt. 3, 186.5 {pr^oe 1 Ee.)

.

Vol. I.

Vol.

Vol. IV.

On the Coal of Assam, i

Vol V Eoyal 8vo, pp. 354. Pt. 1, 1865 {^priceZ Rs.): Sections across N.W. Himalaya, from Sutlej to Indua.^On the
Vol. V. -Kgy^^f^^' PP-/p'?y_

Pt. 2, 1866 (WlKa-): On the Geology of Bombay. Pt. 3,1866 (ipre.e 1 Ee.) : On the

Jherria Ooal-fleld.—Geological Observations on Western Tibet.

VoT VI Eoval 870 pp 395. Pt. 1, 1867 (prioe 8 As.) : On the Neighbourhood of Lynyan, &c., in Sind.—Geology of a
Vol. VI.

^^y;'-
j«;°-fPgXh Pt. 2 1867 Ivriae 2 Es. : BoUro Ooal-fleld.-Eamgarh Coal-field.-Traps of Western and

Central India. Pt. 3, 1869 {pri^e 2 Es. 8 As.) : Tapti and Nerbudda VaUeys.-Frog-beda in Bombay.-Oxy-

glossus pmiilus.

Vol VII. Eoyal 8vo, pp. 342. Pt. 1, 1869 (price 3 Es.): Vindhyan Series.-Mineral Statistics -Coil.-Shillo^ ^w^f
"'

VOL.
p^t'a; 1870 (^rioelEe.):Karh4rbteiOoal-field.-Deoghar Coal-field. Pt. 3, 1871 (price 1 Ee.) : Aden Water-

supply .—KAranpura Coal-fields.

Vol VIIT Eoyal 8vo, pp. 353. Pt. 1, 1872 (jirice 4 Es.) : On the Kadapah and Karnul Formations in the Madras Presidency.

Pt. 2, 1872 (^rjoe 1 Ee.) : Itkhuri Coal-field.—Daltonganj Coal-field.—Chope Coal-field.

Vol. IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (^price 4 Rs.): Geology of Kutch. Pt. 2, 1872 (price 1 E«.): Geology of

Nagpur.—Geology of Sirban Hill.—Carboniferous Ammonites,' pp. 66.

Vol. X. Itoyal 8to, pp. 359. Pt. 1 , 1873 (price 3 Es.) : Geology of Madras.—SAtpiira Coal-basin. Pt. 2, 1874 (price 2 Es.)

:

Geology of Pegu.

Vol. XI. Eoyal 8vo, pp. 338. Pt. 1, 1874 (pnc« 2 Es.) : Geology of Darjiling and Western Diiars. Pt. 2, 1876 (ynce

3 Es.): Salt-region of Kohilt, Trans-Indus, pp. 230.

Vol. XII. Royal 8vo, pp. 363. Pt. 1, 1877 (pnce 3 Es.): South Mahrdtta Country. Pt. 2, 1876 (
pHce 2 Eb.) : Coal-fields

of the N4ga HUls, pp. 95.

Vol. XIII. Eoyal 8vo, pp. 248. Pt. 1, 1877 (
pnce 2 Es. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 (yrice 2 Rs. 8 As.):

Geology of the E&jmah&l HiUs.

Vol. XIV. Eoyal 8vo, pp. 313. Geology of the Salt Range in the Punjab.

Vol. XV. Eoyal 8vo, pp. 191. Pt. 1, 1878 (price 2 Es. 8 As.) : Geology of the Aurunga and Hutir Coal-fields (Palamow).

Pt. 2, 1880 (price 2 Es. 8 As.): Eamkola and Tatapani Coal-fields (Sirguja).

Vol". XVI. Eoyal 8vo, pp. 264. Pt. 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat. 15° to-Masulipatam.

Pt. 2, 1880 (price 1 Ee. 8 As.): The Gneiss and Transition Eocts, and other Formations of the Mellore

Portion of the Carnatic. Pt. 3, 1880 (price 2 Es.) : Coastal region of the GodAvari.

Vol. XVII. Eoyal 8vo, pp. 305. Pt. 1, 1879 (price 3 Es.) : Geology of Western Sind. Pt. 2, 1880 (price 2 Rs.) : Trans-
IjiduB extension of the Salt-range.

V0L.XVIII. Pt. 1, 1881 (price2 Rs.): Southern Afghanistan. Pt. 2, 1881 (price 1 Re. 8 As.): Manbhiim and Singhbhiim.
Pt. 3, 1881 (price 2 Rs.) : Pranhita Godivari Valley.

The price fixed for these publications is 5 Rs. (10s.) each volume.

Manual of the Geology of India, 2 Vols, and Map, price 8 Rs. (16s.).

To be had at the Geological Survey Office, Indian Museum, or through any Bootseller. London : Triibner & Co.
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PALJIONTOLOGIA INDICA.

(SEKIE3 1, in, V, VI, vni.)

OKETACBOUS FAUNA OF SOUTHERN INDIA.

Vol. I. The Cephalopoda, by H. P. Blakfokd and P. Stoliczka (1863-66), pp. 216, pis. 94. The Belemnitidffi and
NauUbdsB, by H. P. Blaotoed, pp. 1-40, pis. 25. {Out of print.) The Ammonitidse, by F. Stoliczka,

pp. 41-216, pis. 71 (13 parts), {complete).

Vol. II. The Gastropoda, by F. Stoliczka (1867-68), pp. xiii, 500, pis. 28 (10 parts), (complete).

Vol. III. The Pelecypoda, by P. Stoliczka (1870-71), pp. xxii, 537, pis. 50 (13 parts), (complete).

Vol. IV. The Eraohiopoda, Ciliopoda, Eehinodermata, Corals, &c., by F. Stoliczka (1872-73), pp. v, 202, pis. 29 (5 parts).

The Brachiopoda, pp. ii, 32, pla. 7. The Ciliopoda, pp. ii, 34, pis. 3. The Eehinodermata, pp. i, 59, pis. 7.

The Corals, &c., pp. 70, pis. 12, (complete).

(Series II, XI, XII.)

THE FOSSIL FLOEA OF THE 60NDWANA SfSTEM.
Vol. I, pp. xriii, 233, pis. 72, (complete).

„ pt. 1 (1863), (in six fasciculi), (Nbs. 4 and 5 out of print). E4imah41 Group, BAjmahil Hills, by T. Oldhau and
J. MoEEis, pp. 52, pis. 35.

„ „ 2 (1877). Same, continued, by O. FEiSTMAtrrEL, pp. 53-162, pis. 36-48.

„ 3 (1877). Plants from Golapilli, by O.Feistmantel, pp. 163-190, pis. 8.

„ „ 4 (1879). Outliers on the Madras Coast, by 0. Peistmantel, pp. 191-224, pis. 16.

Vol. n, pp. xli, 115, pis. 26, (complete).

„ pt. 1 (1876). Jurassic Flora of Each, by O. Feistmantel, pp. 80, pis. 12.

„ „ 2(1878). Flora of the Jabalpur Group, by 0. Feistmantel, pp. 81-105, pis. 14.

Vol. Ill, pp. xi, 64+ 149, pis. 64 (9 double) (I-XXXI+I^-XLVII^), (com.plete).

„ pt. 1 (1879). The Flora of the Talohir-Karharbdri beds, by O. Fbistmahtel, pp. 48, pis. 27 (5 double).

„ „ 1 (Suppl. 1881). Same, Supplement, pp. 49-64," pis. (xrviii-xxxi) 4 (1 double).

„ „ 2 (1880). The Flora of the Damuda and Panohet Divisions, pp. 77, pis. 18 (1 double) (I^-XVI^, 14-16 bis).

„ 3 (1881). Same, concluded, pp. 73 (77-149), pis. 31 (2 double) (XVll^-XLVILl).

(Series IX.)

JPBASSIO FAUNA OF EACH.
Vol. I. (1873-76). The Cephalopoda, by W. Waagen, pp. i, 247, pis. 60 (4 parts), (complete).

(Semes IV.)

INDIAN PRETEKTIAHY VERTEBRATA.
Vol. I, pt. 1 (1865). The Vertebrate Fossils from the Panohet Rooks, by T. H. Huxley, pp. 24, pis. 6.

„ „ 2 (1878). The Vertebrate Fossils of the Kota-ltaleri Group, by Sir P. de M. Grey Bgerton and L.
MiALL, pp. 23, pis. 4.

„ „ 3 (1879). Reptilia and Batrachia, by R. Lyseekeb, pp. 36, pis. 6.

(Series X.)

INDIAN TERTIARY AND POST-TERTIART VERTEBRATA.
Vol. I, pp. XXX, 300, pis. 46, (complete).

„ pt. 1 (1874). Rhinoceros deecanensis, by R. B. Foote, pp. 18, pis. 3.

„ „ 2(1877). Molar teeth and other remains of MammaUa, by R. Ltdbkkee, pp. 69 (19-87), pis. 7 (iv-x).

„ „ 3 (1878). Crania of Ruminants, by B. Lydekkee, pp. 84 (88-171), pis. 18 (xi-xxviii).

„ 4 (1880). Supplement to pt. 3, pp. 10 (172-181 )^pls. 3 (XXI A, B, XXln A).

„ „ 5(1880). Siwalik and Narbada Proboscidia, by E. Lydekkee, pp. 119 (182-300), pis. 18 (xxix-xlvi).

(Series VII, XIV.)

TERTIARY AND UPPER CRETACEOUS FAUNA OP WESTERN INDIA.

Vol. I, pt. 1 (1871). Tertiary Crabs from Sind and Kutoh, by P. Stoliczka, pp. 16, pis. 6.

„ 1 (now 2) (1880). Sind Possil Corals and Alcyonaria, by P. Maetin Duncan, M.B., F.R.S., V.P G.S etc

pp. 110, pis. 28.

„ „ 3. TheFos9ilEchinoideaofSind,by P.Martin DuNCAK,M.B.Lond.,F.R.S.,andV7.PBSCYSLADBN,Bsq.,P.G.S.,&o.
Faso. i. (1882) : Echinoidea from the Cardita-Beaumonti beds, pp. 20, pis. 4. Ease. ii. (1882) : E(^noidea
from the Ranikot series, pp. 80, pis. 16.

(Series XIII.)

SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D.

I. Produotus Limestone Group : 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 6.

„, „ 2(1880). Gasteropoda and Supplement to pt. 1, pp. Ill (73-188), pis. 10 (vii-iTi).
3 (1881). Pelecypoda, pp. 144 (185-328), pis. 8 (xvii-xxiv).

'
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Pt. 2, 1880 ^«ce 2 Es. 8 As.): Eamkola and Tatapani Coal-fields (Sirguja).

Vol. XVI. Eoyal 8to, pp. 264. Pt. 1, 1879 {price 1 Ee. 8 As.) : G«olo^ of Eastern Coast from Lat. 15° to Masulipatam.

Pt. 2, 1880 {price 1 Ee. 8 As.): The Gneiss and Transition Eocks, and other Formations of the Nellore
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